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A B S T R A C T 
The present inves t iga t ion was undertaken as a 
p a r t of the ongoing pro jec t on Marine pol lu t ion monitoring 
a t the National I n s t i t u t e of Oceanography/ Goa, This p ro jec t 
envisages monitoring of po t en t i a l contaminants in the marine 
environment and to assess the heal th of the seas around India. 
This study repor ts the levels of three most p o t e n t i a l l y 
toxic and non-essent ia l meta,ls i . e . , mercury^ cadmium and 
•Jiead in the various components of the seas around the Indian 
peninsula . The three components studied we :e surface sea 
water, surface sediments and a wide va r ie ty of marine orga_ 
nisms, belonging to d i f fe ren t t rophic l eve l s , to give an 
overa l l p ic tu re of the contamin.ation of the Indian seas by 
Hg, Cd and Pb, These observations were combined with ex-
perimental vrork on a f i sh , mussel and clam on the r a t e of 
uptake and depuration of these three elements in various 
t i s sues and also to study the loca l i sa t ion or the act ive 
s i t e s of accumulation in these organisms in an attempt to 
r e l a t e them with concentrations of these elements found in 
t i s sues of organisms col lected from t h e i r na tura l h a b i t a t s . 
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The results have highlighted certain interesting 
features on the availability and presence of these three 
elements in the various constituents of the seas around 
India, Hg was found to be quite low in the surface sea 
water from the Arabian Sea and the Bay of Bengal/ while 
reasonably high values were observed for both Cd and Pb/ 
suggesting the possibility of their discharges through 
weathering, industrial and other anthropo^nic sources. It 
is however, interesting to note that Hg, one of the most 
toxic elements, is found in low concentrations. This aspect 
is also confirmed by the levels of these three elements 
observed in sediments, zooplankton and other organisms. 
In the sediments, Hg is found to be present in 
very low concentrations everywhere along th^ coast from 
where the samples were collected. This indicate its natural 
levels in the marine sediments, Cd, too is found low, 
however, at some places quite high concentrations were 
observed. The distribution of these locations is too 
scattered to draw any definite conclusion, Pb shows elevated 
concentrations in quite a few samples which were collected 
from locations near the coast. Similar high levels were 
observed in the particulate matter present in the coastal 
areas. This suggests the transport of these metals adsorbed 
onto particles to the deeper areas of the seas v/ith subsequent 
accumulation in the surface sediments, 
Zooplankton samples give further confirmation of 
this, VJhile Hg is non-detectable in all the samples analysed, 
Cd and Pb are observed in higher araounts and follow the pattern 
Pb')>Gd'^Hg, This is in agreement with the environmental 
characteristics of zooplankton because of their large surface 
to volume ratio similar to the particulate matter. The 
zooplankton samples from the Arabian Sea had lower values for 
Cd and Pb than their counterparts from the Bay of Bengal, 
Difference in concentrations of Cd to some extent and Pb 
in particular in coastal zooplankton and zooplankton from 
open ocean areas is also observed, Pb concentrations are 
generally high in offshore zooplankton samples suggesting 
the possible faster removal of Pb from coas-^al surface 
v/aters because of adsorption on the suspended particles and 
organic matrix which are present in large amounts in coastal 
areas than the open oceans. Another possible reason may be 
the transport of Pb through aerosols to areas far away from 
the coast and its subsequent entry to the open ocean surface 
water through precipitation. 
These high concentrations could be of great sig-
nificance because of the trophic level of zooplankton. In 
the light of this an attempt was made to see any evidence 
of food chain magnification* however, there is no evidence 
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of it as regards Hg, Cd and Fb from the Indian watars. If 
there is any, it is confined to water-zooplankton interface 
v/here several orders of maonitude increase is observed and 
is subsequently avidcnced in sraallcr fishes feeding on zoo-
plankton in the case of Cd and Fb, 
Discussing each metal individually, in other marine 
organisms such as fishes, Hg is generally found less in 
smaller organisms than in the larger fishes, which is more 
due to the accumulation over time through water as well as 
food, though no evidence of food chain magnification can be-
observed. However, within each species of fish Hg concen-
trations tend to increase with size e.g. in flying fish, 
dolphin fish and all other fishes combined. In general,r 
low concentrations of Hg v;ere observed in a .1 the tissues 
analysed* It follov/od the pattern of Hg as Muscle "> Heart 
Gills ^  Kidney _^  Gonads > Liver,, This is experimentally 
observed in this study too, that higher amounts are incor-
porated in muscles and gills and least in liver» In genc^ ral^  
however, low concentrations of Hg were observed in all the 
tissues analysed^ The concentrations of Hg in muscles are 
much below the maximum recommended levels of 0,5 ppm in 
fisheries products by the W, H,, 0, 
The situation is little different as far as Cd 
is concerned. The interesting observation is that Cd 
CDiiGentrations are higher in the muscles of smaller fishes 
than in large predatory fishes which is attributed to their 
feeding habits (Zooplankton grazers)« In flying fishes Cd 
is found to decrease with the size of the fish while in 
dolphin fish Cd increases with the si^e. In general, however, 
Cd shows a negative correlation with the size of the fish 
and the concentrations in muscles, though it is statistically 
not very significant^ On the other hand, the principle 
site of Cd accumulation is liver followed by kidney and other 
tissues with the least being in muscles. This too has been 
observed experimentally in this study ^ r^tiere liver of 1?ilapia 
Showed maximum accumulation and retention of Cd over extended 
period of time which is attributed to its association with 
metallotiionein, A positive correlation is *>bserved between 
the Cd c<»ic^itrations in liver and the size of the fish. On 
a comparative basis higher Cd levels are observed in the 
muscles of varioa^ fichcc thar 'Ic; b'-*: •'::hcy ^ ro 'reiT below 
the maximum level of 2 - 10 ppm of Cd for fishery products 
as established by various countries (F,A,0)^ 
Fb Concentrations in the organisms are generally 
higher^ 'The principal site of Pb acciimulation is kidney 
followed by liver and gills with the least amounts in muscle^ 
In the experimental studies presented here, highest accumulation 
is observed in gills though the maximum retention is in liver 
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and substantiates the results observed in natural habitats. 
Sharks and dolphin fishes have sho%^ m high amounts of Fb in 
the muscles which seems to be a physiological peculiarity in 
these fishes. On an average Pb concentrations are quite low 
in the edible portions of the fishes to be of any significance 
from the food hygiene front as the recommended Pb levels in 
food products also varies from 2-10 ppm in various countries. 
No food chain magnification is observed for any 
metal and also the levels of these metals are well below the 
prescribed maximum limits for human consxamption. Some other 
organisms analysed e.g. prawns/ crabs, bivalves etc, also 
show low levels of these three elements/ however^ crab meat 
does show high levels of Pb in certain months from Goa region. 
There is no indication of these semi-sedentary estuarine and 
coastal organisms showing signs of local pollution. It is 
sho^ 'Tn that in soft parts of the mussels Hg, Cd and Pb are 
accumulated at elevated levels during exposure which sub-
sequently gets purged over extended period of depuration, 
hence/ making them ideal indicator organisms to depict the 
environmental characteristics of the particular area. 
Though the levels observed in the various tissues 
of fishes and in other organisms are much below the prescribed 
limits, in the presence of intense local pollution e,g, in 
and around Bombay and certain estuarine regions t±ie con-
centrations may well reach or attain the limiting levels as 
is shovm by a series of experiments that when organisms are 
exposed to high levels of metals over a short period time i.e., 
12 days, the metals are accumulated in the body tissue and 
are not flushed out completely even when the concentrations 
in the medium become normal for extended period of time. 
In totality however, the state of the Indian 
seas is quite good and does not give an indication of any 
contamination by Hg, and though the levels of Cd and Pb are 
higher they do not pose a serious threat to the environment 
at present, however, considering the future industrialisa-
tions and other man-made changes that may release additional 
amoxonts of metals there is a need for continuous monitoring 
programme of different components of the marine environment 
around India, 
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Chapter 1 
INTRODUCTION 
1, I N T R O D U C T I O N 
The Group of Experts on the Scientific Aspect of 
Marine Pollution (GESAMP) of several specialised agencies 
of the United Nations evolved the following definition of 
marine pollution: 
"The introduction by man, directly or indirectly, 
of substances or energy into the marine environment 
(includdLng the estuaries) resulting in such deleterious 
effects as harm to living resources, hazards to human 
health/ hindrance to marine activities including fishing, 
impairment of quality for use of sea water and reduction 
of amenities" (GESAMP, 1973). 
In the broader perspective, environmental con-
tamination is an inevitable consequence of the activities 
of man and a natural phenomenon as well. Man has char-
acterized his activities by placing waste materials, 
partially used consumer goods and other by products into 
the environment, be it an industrial society or an 
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agricultxiral one. Added to this the physical processes 
of the world around us cause continual change by removing, 
replacing and redistributing an enormous volume and 
variety of materials, thus constantly contaminating and 
decontaminating itself. Contamination must be considered 
an amoral phenomenon, neither right nor wrong, but simply 
a consequence of living. However, excessive contamination, 
resulting in indiscriminate use and discharge of polluting 
materials into the environment interfering with the health 
and happiness of a population is pollution "— which is 
bad. Effective management of contamination, so that it 
does not become pollution, is essential for us to grow 
both in the agricultural and industrial fields, A rational 
management programme, designed to avoid adverse effects 
from contamination, starts with the recognition, descri-
ption and landerstanding of the effects of the contaminants 
themselves. 
The oceans cover almost 71 % of the earth and 
hence, it is reasonable to assume that most of the acti-
vities on land, whether natural or man made, will have 
a direct effect on the physical, chemical and biological 
environment it sustains, Johnston (1976) has character-
ised three broad categories of marine pollutants namely 
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native or natural which are not caused by man, generated 
by man but net created by him and the synthetic pollution 
wholly created by man. One can broadly put hydrocarbons, 
soluble inorganic and organic substances in the first 
category; redistribution and exploitation by man of these 
hydrocarbons, organic and inorganic substances in the 
second and plastics, pesticides and radionuclides in the 
third categoiry. However, many examples can be found which 
fall in between or in more than one category. One such 
group of pollutants namely the heavy metals Hg, Cd and 
Pb which form the category of priority pollutants as 
classified by the United Nations Environment Programme 
(UNEP), are covered in the present study. These three 
elements were studied in - larine organisms in relation to 
marine pollution in the seas around India. 
India has a coastline of about 6000 km. The 
exclusive economic zone of 200 nautical miles from the 
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shores declared by India has an area of 2,015 x 10 km 
Which is about 61,5 % of the total landmass of 3,276 x 10 km , 
Nearly 170 million people of India or roughly about 25 % 
of the total population live in coastal areas, thus 
depending directly or indirectly on the coastal marine 
resources and in turn generating and adding to the tune 
3 
of 3,7 km of sewage in these areas annually. The 
industrial wastes, both aoastal and inland, going into 
3 
the coastal waters has been estimated to be 0,47 Ian and 
the solid wastos of about 2»5 million tonnes annually. 
About 20,000 tonnes and 31,000 tonnes of pesticides and 
detergents, respectively are annually added to the coastal 
waters. The rivers bring in additional quantities of 
wastes to the coastal waters, (Qasim and Sen Gupta, 1983). 
Such enormous additions to the coastal waters will un-
doubtedly burden the coastal environment. However, in 
discussing the possible effects and presence of these 
additions in the seas around India, it becomes necessary 
to have an idea about the hydrographical conditions pre-
vailing in the receiving body of water i.e., in this case 
being the Indian Ocean, particularly the northern Indian 
Ocean consisting of Arabian Sea, Bay of Bengal and the 
Andaman and Laccadive seas, 
1,1. Hydrography of the Indian Ocean 
Indian Ocean is an area from 40®S latitude to the 
Gulf of Oman and the head of the Bay of Bengal on the 
north and from the East African Coast on the west to the 
coastlines of Burma, Thailand and Malaysia, This area 
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becomes too large and does not directly come \ander the 
pxirview of the area under study which is mostly the 
northern Indian Ocean, Hence, "most of the oceanographic 
features of only this area are described. In relation 
to the equator, the Indian Ocean has an asymmetric shape 
largely due to the presence of the Asian continent. This 
results in this ocean being separated from the deep 
reaching vertical convection areas of the northern 
hemisphere. This asymmetric configuration has far 
reaching effects on the climate of the North Indian Ocean 
and gives rise to unusual oceanographic phenomena 
<i)ietrich, 1973) , The monsoon gyre, unique to the Indian 
Ocean, includes the Arabian sea. Bay of Bengal, Laccadive 
and Andaman seas, in addition to the equatorial Indian 
Ocean, It is separated from the sub-tropical anticyclonic 
gyre in the southern hemisphere, by a remarkable dis-
continiiity in the hydrochemical structure, known as the 
hydrochemical front, centred at about 10*3 latitude 
(Wyrtki, 1973). Within this gyre itself, however, there 
are large differences in the hydrographical and hydro-
ehegiical conditions prevailing in different areas owing 
to the diverse meteorological and geographical factors 
characteristic of each region. 
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The Arabian Sea i s bordered on the northern, 
eastern and western sides by the l-nndmasses of Asia and 
Afr ica . I t i s connected to the Persian Gulf through the 
Gulf of Oman by a 67 - m deep s i l l a t the Hormuz S t r a i t . 
Similar ly , a 100-m deep s i l l a t the s t r a i t of Bab-el-
Mandab separates the Arabicin Sea from the Red Sea through 
the Gulf of Aden, The t o t a l area of the Arabian Sea 
between l a t i t udes 0" and 25 °N and longitudes 50** and 80"E 
i s about 6.225 x 10^ lon^ (Qasim, 1977) . I t i s an area of 
negative water balance where evaporation over p r e c i p i t a -
t ion i s maximum (100 - 150 cm pe^ annum) off the Arabian 
coast and decreases s t ead i ly towards southeast . A s l i gh t 
excess of p rec ip i t a t i on over evaporation ( <. 20 cm) occurs 
annurlly of the southwest coast of India (Venkateswaran, 
1956) . 
The Bay of Bengal occupies an area of about 
4.087 X 10^ km between l a t i t udes 0* and 23*N and 
longitudes 80" and 100°E (Qasim, 1977). In cont ras t to 
the Arabian Sea, the Bay of Bengal i s a region of pos i t i ve 
water balance where p r ec ip i t a t i on and r iver rionoff far 
exceeds the evaporation. The annual excess of p rec ip i -
t a t i on over evaporation has been estimated to be about 
70 cm (Venkateswaran, 1956) , 
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A l a r g e nvimber of r i v e r s flow i n t o t h e North 
Ind ian Ocean, The annual runoffs from t h e Brahmaputra, 
Ganges and I rawadi have been es t ima ted t o be 630, 490 and 
440 km , r e s p e c t i v e l y (Baxomgartner and R e i c h e l , 1975) , and 
t h e c o n t r i b u t i o n from o the r r i v e r s along t h e Ind ian c o a s t 
i s about 720 km"^  Yr"^ (Rao, 1977) . A v a l u e of 175 yxr? Yr""*-
can be c a l c u l a t e d for t h e Indus (Leopold, 1962) b r i n g i n g t h e 
3 -1 
total runoff from these rivers to about 2500 km Yr .If 
the contribution from all other rivers discharging into 
3 -1 
the region is taken as 500 km Yr in the absence of 
reliable data (Naqvi and Naik, 1983), a total of 3000 km 
is obtained. This represents about 9 % of the total annual 
3 
global river runoff (about 32,000 km , Garrels and 
Mackenzie, 1971) • As the Arabian Sea, Bp.y of Bengal, 
Laccadive Sea and Andaman Sea, combined together, occupy 
an area barely 3 % of the total areas of the oceans 
(Sverdrup et VL* / 1942), it can bo concluded that the 
North Indian Ocean receives thrice as much river runoff 
per unit area in the oceans as a whole. Consequently, 
the flux of material carried by the rivers is also 
expected to be much higher in this region as compared to 
oidier oceanic areas. Evidently, the river runoff is not 
uniformly distributed throughout the North Indian Ocean, 
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as the Bay of Bengal and Andaman Sea receive much more 
runoff than do the Arabian Sea and Laccadive Sea. 
Solar heating and wind induced turbulence 
produce a warm, isothermal, well-mixed surface layer 
throughout the region, generally 50 - 100 m in thickness. 
This layer is well-oxygenated and is poor in inorganic 
micronutrients owing to their utilization by the photo-
synthetic organisms. Below the surface layers, a sharp 
decrease in temperature is observed. The feature, known 
as the thermocline inhibits any significant exchange of 
waters between the underlying and the overlying layers. 
As a result of high rate of organic production at the 
surface and limited ventilation below the thermocline, 
oxygen is severely depleted in the sub-surface layers 
and reducing conditions prevail in a large body of water 
at intermediate depths. This feature differentiates the 
North Indian Ocean from most other areas of the oceans 
(Sen Gupta and Naqvi, 1984) . 
Along the Indian coast, the currents usually 
follow the general clockwise circulation during the SW 
monsoon and anti-clockwise circulation during the NE 
monsoon. In January, when the NE monsoon is at its peak 
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the current follow the coastline having a southerly com-
ponent on the east coast of India cind a northerly com-
ponent on the west coast of India, In June - July, as 
the SW monsoon reaches its peak, the flow is generally 
in the opposite direction (Varadachari and Sharma, 1967) • 
The favourable winds and currents during this period cause 
upwelling along the SW coast of India (Sastry and D'Souza, 
1972), Some upwelling may also take place off the east 
coast during this period (Murty and Varadachari, 1968), 
even though the immense river runoff may partially com-
pensate for the offshore drift of surface waters (Sen Gupta 
et al»/ 1977)• It can be deduced that the pollutants 
introduced into the coastal regions will be more intensely 
diluted and transported farther away from the source of 
entry during the SW monsoon than during the NE monsoon 
owing to the increased turbulence and favourable and 
strong currents during the SW mensem pcrird. 
As is evident from the preceding paragraphs 
enormous amounts of waste, both natural and man made are 
discharged into the seas around India. As mentioned 
earlier the present study was undertaken to assess the 
impact of three heavy metals namely Hg, Cd and Pb in the 
marine environment arcmnd India, The main emphasis is 
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laid on the determination of these three elements in 
various marine organisms collected around the Indian 
peninsula. However/ along with the marine organisms, 
several sediment samples too were collected and analysed 
for these three elements, with a back-up data on their 
concentrations in water. These are used to give an 
overall picture of the environmental status, as regards 
Hg, Cd and Pb in the seas around India, 
Metal pollution in the seas is invisible and 
insiduous and attracts little notice or comment unlike 
oil which is there for everyone to see. This was precisely 
the reason why oil pollution carried international effort 
in investigation, control and remedying of it as compared 
to heavy metal pollution. Generally speaking, except 
at a few places, metal pollution in the sea is not and 
never was at dangerous levels, but the potential threat 
it offers is sufficient for a careful watch, in terms of 
monitoring programmes, to be kept on human exposure to 
these 'poisons'. 
Like the organochlorines, DDT, PCB and hosts 
of other pesticides, metals can be termed as "conser-
vative pollutants" which once added to the environment 
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are there for good and cannot be broken down to harmless 
substances by bacterial action as many other org-anic 
pollutants are. They are, however, perfectly natural 
substances occurring in seawater, though mostly in extremely 
low concentrations. They arc leached or introduced into 
the aquatic systems as a result of the weathering of soils 
and roOcs, from underwater volcanic activities, and from 
a variety of man-made sources, which involve the mining, 
processing or use of metals or substances that contain 
metal contaminants. This is where the change occurs in 
the natural concentrations of metals in seawater resulting 
in a ten or even a hundred fold increase near the source 
of an effluent (NSF/IDOE Workshop, 1974) . 
Although many metals are poisonous at quite low 
concentrations in the body, equally they are cfteai vital 
as trace elements, A mollusc or a crab would suffer the 
invertebrate equivalent of anaemia without an intake of 
copper for its blood pigment. Similarly among the bio-
logically important trace metals, zinc appears to have 
an importance second only to iron. It is present in many 
enzymes necessary for carbohydrate, lipid and protein 
metabolism (Vallee and Wacker, 1970) , Hence, nvanganese, 
copper, iron, zinc etc, are considered essential micro-
nutrients while mercury, cadmiiom and lead are not required 
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even in small amounts by any organisms and henco/ are 
termed as non-essential elements. 
These three elements show a great similarity 
in the toxicology or their 'mode of action' by virtue of 
their affinity for Sulfhydral (-SH) groups, and appear to 
exert toxic effects largely by combining with such groups 
as proteins/ thus disrupting enzyme mediated processes 
and cellular structure. Although the particular p^ roteins 
that are chiefly attacked by these metals may differ from 
one metal to another, a similar biochemical interaction 
is responsible for the toxicity of these metals (Laws, 
1981) • On the other hand, it has come to be taiown that 
a good many organisms can survive and flourish in heavily 
contaminated v/aters by metals. This could be attributed 
to the adaptations of these organisms to the changing 
environment. This could also be due to the often 
debatable opionion of the laboratory tests having little 
bearing on the real life situations. An element which 
is highly toxic under laboratory conditions may have no 
ecological significance or impact under circumstances 
where the organisms have had the opportunity of adapting 
themselves, Assioming this to be true, the fact remains 
that the presence and continuous buildup of a certain 
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pollutant will have its effects on animals higher up 
in the food chain, and most particularly man, who do not 
have a chance to acquire tolerance but may be exposed 
to damaging concentrations of poisonous metals from con-
taminated food. The classical examples of this are the 
tragic Minamata tragedy of methyl mercury poisoning in a 
fishing community at Minamata, Itai-Itai disease caused 
by cadmium poisoning and lead poisoning in children 
(discussed later in detail) , 
In recent years the concentrations of heavy 
metals in fishes have received much interest. This 
interest is primarily on the food hygiene front and takes 
into account the levels of heavy metals in muscle, the 
edible portion of the fish, representing a possible human 
health hazard. Hence, commercial and sport fishes have 
been analysed for a wide variety of contaminants (Hg, 
Cd and Pb are perhaps very important in this context). 
It is, however, important as pointed out by Windom et al, 
(1973), that other commercially unimportant, finfish 
should also be checked to understand whether the high 
levels of metals reported in some fish are due to the 
generally increased levels of the particular metals in 
the marine ecosystems or are a physiological peculiarity 
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of the particular species. Though there are indications 
of a possible buildup of heavy metals in invertebrates 
and fish from coastal areas, (Portmann, 1972) yet not 
much is knov/n about the metal concentrations of the open 
ocean organisms. Though fishes are' mobile and are not 
necessarily ideal pollution indicators, they do reflect 
the possible environmental features of a particular area. 
Since the heavy metals occur in nature and are added by 
the activities of man on land too, it becomes very 
difficult to draw a line or conclusion as to where the 
natural levels end and man's impact begins, A knowledge 
of the present abundance and distribution of heavy metals, 
as stated by Barber et a^,, (1972), in the various 
segments of the coastal ^nd deep water cjoan is necessary 
to understand the natural biogeochemical flux of these 
elements through the ecosystems and possibly predict the 
impact of man's rctivities in the world '^ coon. 
The three heavy metals under study namely Hg, 
Cd and Pb, as stated earlier, are never beneficial to 
the marine organisms. The concentrations of these metals 
is a cause of concern in many of the estuarine, coastal 
and semi-enclosed water bodies around -the v/orld. Since 
there is wide ranging information available regarding 
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their behaviour/ fate, mode of entry etc., it is 
important to consider these elements separately, 
1.2. Mercury (Hg) 
Mercury though found in virtually all terres-
trial rocks and soil, is quite low about 60 ppb, however, 
in some parts of the world the concentration of Hg in the 
earths crust is higher particularly in the regions of 
volcanic activity. Cinnabar (HgS) is the only econo-
mically viable ore of Hg from which most of the world 
production of 10,000 tons/year is extracted (Goldwater, 
1971)• Mercury is widely used in the industry, in 
electrical apparatuses, Chlor-alkali plants, paint, 
medical instruments, dental preparations, catalysts, 
agriculture in the form of pesticides, pharmaceuticals, 
paper and pulp industry and a host of other industries 
(Montague and Montague, 1971) . 
There is a wide ranging literature concerning 
the fluxes of mercury into the oceans. It must be borne 
in mind that apart from the various uses of mercury listed 
before, a substantial amount of Hg is released in tha 
environment by the burning of fossil fuels and the 
processing of ores. Since mercury is a volatile 
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substance, any process such as burning or smelting that 
elevates the temperature of a Hg-containing substance 
will drive off Hg vapour into the atmosphere* Weiss et al, 
(1971) have calculated the Hg fluxes in the environment 
which is reproduced below: 
Source of Hg Estimated annual flux 
(metric tons) 
Discharge from human use 
Fossil fuel burning 
Ore smelting 
Rainfall 
River runoff to oceans 
3,000 - 6,000 
1,600 
2,000 
84,000 
3,800 
1,2,1, Mercury flux into the oceans 
In the oceans, if it is assumed that preci-
pitation occurs with roughly equal probability over the 
oceans and continents, then the total flux of Hg to the 
oceans is calculated to be 58,800 metric tonnes/year from 
rainfall plus 3800 metric tonnes from river runoff, which 
gives a total flux of 62,600 metric tonnes of Hg/year, 
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The interesting feature here is that these figures do 
not include the anthropogenic sources or the human 
additions to the oceans. Assuming again that the entire 
10,000 metric tonnes (of mercury produced) is released 
into the marine environment, it still is small compared 
to the figure of over 62,000 metric tonnes added annually. 
This led to the belief that most of the merctiry entering 
the oceans is natural in origin and no great increase 
can be attributed to human activities, Weiss et al, 
(1971) have indicated that there has been a substantial 
increase in the rate of Hg evolution to the atmosphere 
via degassing since 1950, They based their conclusions 
on the analysis they carried out in ice from Greenland 
glaciers. This was severely criticized by Dickson (1972) 
and Siegal et al, (1973) , Another important estimate 
of Hg budget in the oceans is given by Matsunaga (1981), 
Matsunaga calculated the mercury •^'epositicn rate in the 
g 
oceans as being 8,6 x 10 g/year and the residence time 
4 
of mercury in sea v;ater as ca 1 x 10 years as against 
3 
8 X 10 years by Goldberg/ (1976), However, from all 
these informations, it can be concluded that the database 
needed to calculate mercury fluxes tc the oceans is 
sketchy, but there is general agreement that the majority 
of the mercury flux to the oceans originate from natural 
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sources. This may be a source of comfort but there is 
very definite evidence of serious mercury pollution on a 
local scale in many parts of the world. It is also int-
eresting to note that the causative amount of Hg in these 
cases is a tiny fraction of the total Hg fluxes. Here it 
becomes necessary to cite the example of Minamata case 
which will be discussed in detail in this section later, 
Hg in sea water probably exists as chloro-complexes such 
as HgCl^" or HgCl^ (Stumm and Braxoncr, 1975) , Considering 
19 
the volume of ox^ en ocean mixed layer as 5 x 10 L and 
the mercury level therein as 25 ng/L, it gives a total 
12 
mercury content of the mixed layer as 1,25 x 10 , over 
twc' orders of magnitude greater than the annual prcductic^ n 
by man (Goldberg, 1976), However/ there has been nu 
alteration in te mercury contents of pelagic org.anisms 
as a result of this is borne cut by some studies (Miller 
et al.., 1972; Barber et al,, 1972), whore museum specimens 
of tuna, caught about 62 - 93 years ago revealed mercury 
concentrations comparable to their living counterparts. 
Much of the mercury introduced into the coastal 
ocean is probably retained there. Biological activity is 
high and mercury prcbably becomes associated with the 
biosphere. As a consequence of the net transport of 
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biological phases from the surface to deeper waters and 
to the sediments, mercury is transferred to the coastal 
deposits, many of which may become anoxic with time. In 
the presence of sulphide ions, mercury is precipitated as 
the highly insoluble mercury sulphide. The possibility 
exists that such deposits, if they encounter oxidising 
conditions will release mercury following oxidation of 
the sulphide to sulphate. 
Mercury enters the food v/eb at the level of 
microorganisms, where the conversion to methyl mercury 
takes place as a detoxification reaction. Marine plankton 
has mercury levels of 2 - 10 ppb most of which is in the 
inorganic form while fish have concentrations varying 
from 0.01 to 2 ppm, primarily in the form cf methyl 
mercxory (JernolbV, 1974) • It is also generally believed 
that methylation cf inorganic mercury occurs in natural 
water/sediment interface by microorganisms (Goldwater, 
1971) . 
The fact that metal concentrations in aquatic 
organisms are typically several orders of magnitude higher 
than concentrations of the same metal in the water has 
led to some speculation that metgls may become progressively 
concentrated at higher trophic level in aquatic food chains 
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due to biological magnification. While Barber et al« 
(1972) were able to demonstrate a size concentration 
relationship v/ithin an organism, there is little evidence 
of Hg increasing higher in the trophic level .-md in fact 
Knauer and Martin (1972) studied the Hg concentratirn in 
a simple marine food chain and found no evidence of 
magnificaticn up the food chain. However, this point 
will be discussed later in the light of the data x'^ ^^ -
sented in this work, 
1,2.2, Toxicology of Hg 
The toxicity of Hg depends very much on the 
chemical form in which it is f^ u^nd or ingested. Generally 
speaking, some forms of mercury arc much more readily 
absorbed by the body than others to produce serious 
damages to internal organs. It is also well knovm that 
the organic forms of mercury are much more toxic than the 
inorganic forms. As mentioned earlier the conversion is 
possible within the organism as well as in the environment. 
The most toxic form of organic mercury is methyl mercury 
compounds. The most dreadful incident occurred at 
Mineimata, a small fishing town in Japan, and came to be 
known as now famous Minamata disease. The largely fish-
eataLng population of this tiny village consiomed fish 
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containing high amounts of methyl mercury* released into 
the bay by the factory producing acetaldehyde and vinylchlc-
ride. In 1956 rei;ort of Kumamoto University research team 
identified the source of the metal poisoning. Mercury con-
centrations from the bay fish were of the order of 5-40 ppm 
wet weight (Smith and Smith, 1975). Several years later 
in the city of Niigata methyl mercury poisoning similar 
to Minamata disease broke out in 1965. The source of 
pollution was found tc. be another factory producing ace-
taldehyde. In both the cases the casualties after the 
consumption of conteminated fish and shellfish were 121 
and 500 respectively, 
Minamata was not an isolated incident as far 
as the concentrations rf Hg in fish was concerned. High 
levels are found in fish from many parts of the world. 
Fish taken from fresh v/aters of St, Clair lake contained 
5 - 7 ppm of Hg (Grant, 1971) and high levels of Hg was 
also observed in fish from the Baltic Sea, But no 
poisoning incident took x^ lace because of the low daily 
fish intake of the people. Several workers have 
estimated Hg in a wide variety of marine organisms from 
different areas of the world ^Backstr^Jin, (1967) ; Brooks 
and Rumsey, (1974); Doi and Ui, (1975); Miettinen et ol., 
(1970); Portmann, (1972); Renzoni et al., (1978); 
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Stoeppler et aj,., (1979a, 1979b); Vlesi^do', (1966); Windom 
et al,, (1973); Knauer and Martin, (1972); etc.J7 and 
have been reviewed by Eisler, (1981)• 
1,3, Cadmium 
Cadmium is invariably obtained as a by-product 
of mining other metals, primarily the sulphide ores of 
zinc, and to some extent lead and copper, otherwise, there 
are no deposits sufficiently rich in Cd to warrant ex-
traction (OECD, 1975). World production of Cd is currently 
put at approximately 15,000 metric tons/year. With rapid 
increases in industrial use of Cd and its supposed deple-
tion, in terms of natural reserves, by the year 2000 may 
change the Cd presence in the environment. However, at 
present Cd is extensively used in industry in elec-tro-
plating, as colouring agents, plastic stabilizers, certain 
alloys, Nickel-Cadmium batteries and to some extent in 
agriculture, medicine and hosts of other uses (OEGD, 1975). 
Cadmi\am enters the marine environment both 
naturally and also through human sources, Fleischer et al. 
(1974) have estimated that 4,390 tonnes of Cd/yoar enters 
terrestrial waters, the major sources being mining and 
ore concentration processes and production of cadmium. 
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electroplating and plastic formul::tions etc. The total 
cadmiiom loss tc the atmosihcrc rxi'J hyO.rcsphorc fr^ -'m hurr.in 
3 
a c t i v i t i e s i s 5,2 x 10 tens /year . The t o t a l amount of 
Cd introduced t o the oceans ]jy .the r ive r s in tho major 
sediment,3ry cycle has been estimated to be 0»5 x 10 t e n s / 
year (Goldborg, 1976)• The cadmium content of sco waters 
ranges between 0,05 and 0,2 ppb with on average near 0,15 
(Fleischer e t a l . ^ 1974). Thus, the upper layers (100 rn) 
6 of the world oceans contain 4,2 x 10 tons of cadmium. 
5 The residence time i s estimated to be 5 x 10 y r s . 
The epid^iiic of cadmixim poisoning, which came 
to be taiown as I t a i I t a i disease/ in Japan following the 
ccmstanption of r i c e pol luted v/ith wastes frc:ro a z inc 
smelter has focussed a t t a i t i o n upon the environmental 
behaviour of t h i s el^nent^ although the marine syst^ii 
has no t ye t been Iji^ilicated in any Gadiol\Hn poisoning. 
However, the increase of Cd in sc*no ooastaX environrnent 
has been documented .as evidenced by i t s concentrations 
in sedim^its and marine organisms (Martdxi and Broenlcow, 
1975) , 
Lilce Hg, Cd I s not required even in small 
araotants for the maintenance of l i f e . But unl ike Hg, 
Cd does not seem t c undergo chemical txansformation to 
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2+ 
more toxic compounds (OECD, 1975), Cd is only a single 
species taiovm to have n. toxic effect. Although all organs 
in an organism accumulate the ingested Cd, the highest 
levels are generally found in liver and kidney, apparently 
concentrated by a low molecular weight protein called 
thionein. This protein contains large nuiuber of sulfhydral 
groups which attracts Cd as well as other heavy metals 
such as Hg, Zn and Cu, This metal protein complex is 
referred to as metallothionein (OECD, 1975). It is also 
s^ jggestod that heavy metals in metal lothionein may 
represent an intracellular defence mechanism, in the sense 
that the metals are prevented from interacting with crucial 
enzyme systems. The toxic effects of cadmium are pre-
sumably associated with the metals affinity for organic 
ligands containing sulphur, nitrogen, or other electro-
negative functional groups (Ray and Coffin, 1977)• Cd 
appears to be particularly attracted to enzymes containing 
Zn, In fact, the toxic effects of Cd on animals can be 
partially prevented by the administration of Zn, suggest-
ing that Cd and Zn which are chemically similar, compete 
for sites on certain enzymes (OECD, 1975), The most 
serious effects of Cd poisoning usually involve damage 
to the Icidneys, The Itai-Itai disease was also char-
acterised by kidney lesions, proteinuria, glycosuria and 
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loss of calcium from the bones (Yamagata and Shigematsu, 
1970), However, a synergistic effect of several metals 
in the disease is not ruled out. Experimental studies on 
the effect of Cd and its accumulation in marine organisms 
have been done by several workers. Philips (1976) shewed 
that the presence of other metals has no effect on the 
individual net uptake of Cd by the mussels. Gd has also 
been cinalysed in a wide variety of organisms from the 
various marine environments of the world e.g., Windom 
et al. (1973) ; Stoeppler and Nxxmberg, (1979) ; Portmann, 
(1972); Brooks and Rumsby, (1974); V7on, (1973); Stenner 
and Nickless, (1975) ; Eustace, (1974) ; Greig ot a^ .. (1976) ; 
Talbot et al. (1976) etc., which have been discussed 
later in light of the data presented in the study here, 
1.4, Lead (Pb) 
Pb is supposed to have been used by the 
Egyptians as early as 1500 B, G, and the Romans and the 
Greeks used Pb to line cooking vessels (Walvlren and 
Stojen, 1974), Because of its easy separation by heat-
ing^PbS or Galena is the i^ rimary sources of lead. The 
principal uses of Pb today are industrial in nature, 
Pb production in 1966 was 3.5 x 10 tons/year. Its 
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primary uses include the use in lead-acid batteries, 
antiknock additives in gasoline, paints and ammunition 
to name a few. Of these/ the first two arc attributed 
with the maximum discharge to the environment. About 
0,31 X 10 tons of Pb was burnt as lead alkyls, the bulk 
of v/hich entered the atmosphere. The river influxes of 
soluble and particulate Pb to the marine environment have 
been estimated to be of the order of 0,24 and 0,5 x 10 
tons/year respectively (Murozomi et ol,, 1969; Goldberg, 
1976) , 
So far no effects have been observed either on 
the marine organisms or on human beings. However, there 
is a concern from the human-health standpoint of the 
consumption of Pb contaminated organisms cvcnthough they 
themselves may be unaffected by the high concentrations 
in them. There is, in fact, a good evidence of an 
increase in Pb emission to the environmicnt attributed to 
human activities. Analyses of Pb concentrations in sea 
water have shown that surface waters are enriched with 
Pb relative to deep water, sometimes by as much as an 
order of magnitude. Though, it is possible that it may 
reflect perfectly natural levels but recent studies have 
shown a remarkable increase in Pb concentrations in rain 
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water suggesting an anthropogenic input to the surface 
of the oceans. On an average lead concentrations in 
marine surface waters are about five times higher than 
in underlying water (Craig and Berlin, 1971)• Analyses 
of Pb in the Greenland ice sheet have indicated a five 
hundred fold increase of Pb fallout over the last 2,800 
years (Murozomi ct ol., 1969). The residence time of 
Pb in marine waters have been estimated as 400 years 
(Goldberg et al,, 1971), This relatively low value, 
compared to other metals and pollutants, reflects its 
involvement in biological reactions and its uptake by 
marine organisms. The residence time in highly pro-
ductive coastal waters has been estimated to be only 
a month, further emphasising the biological interactions 
of Pb, Recent reports have suggested that methylaticn 
of Pb probably occurs analogous to Hg Methylation, 
evidenced by significantly high ratios : f totra-alkyl-
lead to total Pb in certain fishery products (Sirota and 
Uthe, 1977) . Chow and Patterson, (1966) in a very useful 
paper had suggested that lead aerosols ,and their fallout 
have significantly altered the surface sea water con-
centrations of Pb in the coastal areas in the Pacific, 
Atlantic .and Mediterranean. This situation may be true 
for other coastal areas too. 
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Ingested Pb, is transported to all the parts 
of the body primarily by red blood cells, although its 
incorporation into tissues occurs through exchange with 
the blood plasma. Though Pb appears in the tiver and 
kidneys most of it is deposited in the bony tissues where 
it replaces calcium (VJaldron and Stojen, 1974) , This is 
true mostly with inorganic Pb, In contrast the lead 
alkyls show no specific affinity to bones but instead 
tends to concentrate in lipid tissues, including those 
of the central nervous system. Pb is also knovm to 
disrupt several enzymes involved in the production of heme, 
a constituent of haemoglobin and various other res-
piratory pigments and has been shC'Wn to interfere with 
the uptake of iron by rel blood cells (VJaldron and 
Stb'jen, 1974) . 
In the case of Pb poisoning, there are no 
alarming cases as evident as Minamata disease or Itai-
Itai, but the most serious problem associated with Pb 
poisoning has been its use in paints and subsequent 
poisoning of small children who eat paint chips or 
teethe on window sills or the edges of their cot painted 
with lead paints. During the i^ ericd 1954-1967, a total 
of 2038 children were treated for Pb poisoning in New 
York city alone, out of which 128 died (Craig and Berlin, 
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1971)• Similar cases were observed in Britain too and 
subsequently the use of such paints were banned in 
residential surfaces. 
Undoubtedly, the majc^ r source of global Pb 
contamination has been the use of Pb additives in gasoline, 
The emission of Pb particulates from automobile exhausts 
pollutes aquatic systems both due to contamination of 
urb.an runoff and from fallout of Pb aerosols (Murozomi 
et al,, 1969; Chow et al., 1973), This source of Pb 
pollution v^ i^ll however, be phased out as the nev; models 
of cars are now being designed to run on non-leaded 
gasoline. Coastal sediments maintain a record of Pb 
fluxes to the coastal environment through an accommo-
dation of a part of the Pb in their solid phases, its 
isotcpic composition can be indicative of its origin 
(Chow et al;,, 1973) , Recent sediments of the Son Pedro, 
Santa Monica and S.anta Barbara basins off the coast of 
California have been found to contain Ca 30 ppm Pb, 
whereas sediments deposited in the same areas prior 
to 1900 contain 10 ppm Pb. At white point California 
recent Pb concentrations are 400 ppm (Chow £t al,, 1973), 
Concentrations of Pb in marine organisms have 
been estimated by several workers from different areas 
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of t h e world e . g . Brooks and Rumsey, (1974) ; Chow e t a l , . / 
(1974) ; Goldberg, (1962) ; Portmann, (1972) ; Tcpr ing , 
(1973); Tal?Jot e t a l . , (1976); S toepp le r and Numberg , 
(1979) e t c , which w i l l be d i s cus sed l a t e r . 
1,5, Aims, objectives and the necessity of the study 
The alcove literature review and facts about the 
three non-essential elements Hg, Cd, Pb and their con-
tinuous buildup in the marine environment in different 
areas of the world have given an indication as to how 
important, the study of these elements is in cur coastal 
waters, which as mentioned earlier receive considerable 
amounts of discharges of various origins. Naturally the 
interest primarily was the food hygiene front and hence, 
a wide variety of marine organisms were c^ nalysed for 
these three elements. Here, not only the economically 
important organisms wore sampled but some of the lesser 
economical organisms v;ere also sampled to see the level 
of contamination. Several z3oplankton samples were also 
analysed an^ .an effort is made to see the food chain 
magnification of these elements, considering the zoo-
plankton as the base, as uncontaminated samples of 
phytoplankton could not be collected. Several sediment 
sami^ lcs were also collected tc see the distribution of 
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thGSe elements in the surface sediments of the coastal 
waters of India as well as a few core samples were 
collected at selected river mouths on the east coast to 
study the distribution of Hg, Cd and Pb v/ith depth, 
Hg, Cd and Pb in surface waters^ the data on which v/as 
obtained by some of the i^ ublished works (Sonzgiri et al. 
1979; Singbal et al. 1978; Sanzgiri and Braganca^ 1981 
and Braganca and Sanzgiri - •unpublished) arc also given 
to present an overall picture regariling the abundance of 
these three non-essential heavy metals in the Indian 
marine environment. 
Experimental studies were conducted on the fish 
Tilapia and on Mussel and Clam to examine the uptake and 
subsequent losses of Hg, Cd and Pb, Certain observations 
were also made on the effects of these metals on the test 
organisms. This would give an idea as to how fast these 
elements are absorbed and then subsequently retained or 
lost when exposed to natural sea water, 
Indian coastal waters are virgin areas as far 
as the studies on the concentrations of these three 
elements are concerned, A few published reiorts 
^omayajuly and Rama (1972) ; Tejam and Haldar (1975) ; 
Ganesan et al, (1980) __7 all report Hg only from the 
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Bombay region, Menasveta and Siriyong^ (1977) reported Hg 
in some fishes from the Andaman Sea, Kureishy et al. 
(1979 and 1983 these data have been incorporated in this 
thesis) reported Hg in some fishes from the Northern 
Indian Ocean and Hg, Cd and Pb in fishes from the Andaman 
Sea. Ramamurthy (1979, as quoted by Pathmarajah, 1982) 
has reported baseline levels of Hg in food fishes from * 
Bay of Bengal, Arabian Sea and Indian Ocean, which gives 
very high values of Hg and will c^ ive an indication as if 
the fishes of the Indian Ocean are "heavily contaminated by 
Hg, As is evident there is a wide gap in the information 
on Hg, Gd and Fb in marine organisms, and this study 
covers organisms obtained from the Arabian Sea, Bay of 
Bengal, Andaman Sea and off Goa region and attempts to 
fill this gap created by the lack of data on the con-
centrations of these three elements in the marine organisms 
from the seas aruund Indi is first c-^f its kind to 
be undertaken in these areas. 
Similarly data on th e levels of Hg, Cd and Pb 
in marine sediments is i^ iractically non-existent. Barring 
Zingdc and Desai (1981) and Gemesan et al, (1980) who 
analysed Hg in sediments off BomlDay coast and from Thana 
creek there are no data on these three elements from the 
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coastal sediments, Honco, the present study.was 
undertaken, as a part of the project on "Marine Pollution" 
at the National Institute of Oceanography, Dona Paula, Goa, 
which aims to cover a wide variety of pollutants, their 
effect, behaviour and baseline levels in the marine 
environment around the Indian peninsula. 
Chapter 2 
MATERIALS AND METHODS 
2. MATERIALS AND METHODS 
2,1, Collection o£ samples 
The collection and preservation of environ-
mental samples for the analysis of heavy metals, require; 
very careful precautions so as not to contaminate the 
sample and hence, alter the concentrations of the element 
in question, as their concentrations in the organisms 
are very low. This problem becomes extremely difficult 
if one has to collect the samples on board >"- ship, from 
the sea. The ordinary day to day activities associated 
with the running of the ship are potential sources of 
contamination of organisms collected from that ship. They 
can be listed as the pumping of the bilge, discharge of 
the septic tank, dumping of garbage, debris or engine 
room waste, cleaning of boilers and chipping of paint 
on deck. All these activities, individually or collec-
tively, can alter the concentrations of the particular 
pollutant that one is looking into. Though all of the 
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activities mentioned above may not contaminate the 
samples for Hg, Cd and Pb analysis, yet a fev; of them, 
like the appearance of a paint chip in a zooplankton 
sample may give erroneous results as far as Pb and to 
some extent Cd is concerned. 
Some of the general precautions to be observed 
on board include careful handling and the immediate 
transfer of the samples to the containers in which they 
are to be preserved. The collecting gear and the 
specimen should, as little as possible, come in contact 
with the surfaces of the ship. The samples and the 
gear should never be washed with the ships water. 
Handling and sorting gear must be of glass, plastic, 
stainless steel or enamel and should be liberally 
cleaned before each use with metal-free distilled water. 
Samples should be frozen immediately after the necessary 
steps at -5" to -10°C (Grice et ol., 1972). 
2,1,1, Zooplankton 
Zooplanktcn samples were collected by the 
Indian Ocean Standard Net (lOSN) , H-T net and the 
Neuston net with stainless steel frame. The lOSN and 
H-T nets were used for vortical hauls and Neuston net 
for surface haul, A H the nets were of 500 AX mesh size. 
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On completion of the haul the ne t was not washed by the 
ships sea water. The plankton cake was removed from the 
bucket (PVC bucket was used) , with the help of a p r e -
cleaned s t a i n l e s s s t e e l spatula , and t ransfer red to a 
beaker. The cake was washed with glass d i s t i l l e d water 
and was examined for the presence of pa in t f lakes or other 
contaminants. The samples where pos i t i ve signs of the 
presence of pa in t chips or flakes were observed were 
discaTvded, The water was then decjinted and the plankton 
cake was t ransferred tc the polythene bag or pre-cleaned, 
acid washed, glass tube with a p l a s t i c cap and. deep frozcsn 
a t -5 to —10°C on board the sh ip . No e f for t was made to 
divide the zooplankton samples on the bas is of various 
groups and they wore preserved as a whole, 
2,1»2, Fishes 
The fishes on board were collected by trolling 
lines, hook and line. Scoop nets and long lines, while 
some smaller fishes were collected from the fisheries 
jetty off Goa and Port Blair. All the fishes were 
immediately measured, weighed and dissected. In the case 
where immediate dissection was not possible, the fishes 
were deep frozen. The dissection was performed by all 
stainless steel dissecting equipment. While dissecting 
all the tools were thoroughly cleaned with distilled 
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water before and after each use. Several tissues were 
samxDled for the analyses. For the muscles/ the dorsal 
portion of the fish near the gills was cut, the skin was 
removed and a portion of muscle was sampled. Similarly, 
gills, heart, liver, gonads, kidney etc., were sampled 
from larger fishes. It was net possible to get sufficient 
material required for analysis from smaller fishes and 
hence, only muscle was sampled. In the case of crabs 
the soft tissue was taken. Whole soft parts were sam^ jled 
from mussels and clams. To give a representative sample 
more than one fish was sampled, depending en the catch 
and availability and a composite samxole was obtained. 
This was done by sampling equal portion of tissue from 
each specimen, homogenising it and taking an aliquot for 
final analysis. The tissues were preserved in acid 
washed precleaned glass tubes and frozen on board at 
-5 to -10 °C, 
2,1.3. Sediment 
Sediments samples were collected by LaFond-
Dietz snapper or Petterson grab as the case may be. As 
soon as the snapper or grab was hauled up, it was opened 
and the sediment was collected from the mid.dle cf the 
snapper or grab so as to avoid contamination from the 
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walls of the snapper. The sediments were collected by 
stainless steel spatula. The core samples were collecte'l 
by a gravity corer with a PVC liner. As soon as the 
corer was brought on the ship the core was pushed out of 
the liner over a polythene sheet and divided into various 
portions dependino on the depth. The sediment from the 
particular depth was then transferred tc a polythene bag 
and deep frozen at -5 tc -10°C, In the shore laboratory, 
the sediment samples were dried to constant weight at 
60°C + 5°C, Drying at temperature higher than 60°C may 
cause some losses as far as Hg is concerned. After 
drying the sediments were powdered manually in a pestle 
and Mortar (agate) and stored in a Dessicatcr until 
analysis, 
2,1,4, Specimens collection for experimental 
studies 
A fish (Tilapia mosambica) , a mussel (Perna 
viridis) and a clam (Villorita cyprinoides) were collected 
for the experimental studies, Tilapia was collected 
from the fish farm of the Department of Fisheries, Gov-
ernment of Goa, Daman and Diu situated at Velha Goa, 
Healthy individuals of about 10 - 12 cms in length v;cre 
obtained. Mussels and clams were obtained from their 
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natural beds at Siolim, All these animals were first 
acclimatized in the Aquaculturo Laboratory of N.I.O, v/ith 
rvmning sea water for a period of six days. After acc-
limatization they were sorted and put in experimental 
tanks for the experiments. During the period of accli-
matization, they were continuously fed on fish meal and 
mixed algal cultures, 
2,2, Method of analysis 
The analysis of trace elements in biological 
tissues as well as otlier components can be seriously 
altered by contamination, net only during collection but 
also subsequently during the chemical treatment. Hence, 
all glassware, used was thoroughly washed with acid and 
later with glass distilled water. 
The application of Atomic Absorption Spectro-
photometry (AAS) for the determination of elements in 
biological or geological materials consists in intro-
ducing, after the wet combustion, a digest of the 
material through a burner of an AAS where the samjilc is 
atomised by the flame (flame AAS), A light beam omitted 
by a hollow cathode lamp with a cathode made from the 
element to be analysed is passed through the flame. The 
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atoms of the elonent. absorb tlie lines emitted by the 
cathode thus reducing the signal of the spectral line, 
projected with the aid of a monochromator into a phototube. 
The reduction of the signal is proportional to the amount 
of the element in the sample, A Hilger-Watts iV-iS 
(Atomspek H 1550) was used in this study. 
It may also bo mentioned that the sensitivity 
and detection limits of the elements vary with the 
instrument as well as analytical techniques. The limiting 
sensitivity that is usually reported represents the con-
centration of a metal that will produce 1 % absorption. 
The detection limits is defined generally as the con-
centration that gives a signal twice the size of background 
variability of the intrinsic instrumental fluctuations. 
Thus by definition an elemental detection limit is a form 
of signal - to - noise ratio. However, from an analytical 
point of view the importint quantity is the minimum con-
centration of metal that can be measured with reproducible 
precision. It is known that the precision and accuracy 
of sample absorption measurements become increasingly 
ion satis factory as the detection limit is approached 
(Nishita et al., 1972) , 
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ThG detection limit of the AAS used was 50 ny 
for Hg, 50 ng for Cd and Ca 250 ng for Pb. The accuracy 
and reproducibility of our data obtained by the methods 
described below were checked when \IQ particixjatcd in 
the lOC/GEMSI intercalibration exercise for contaminants 
in biological tissues. Five samples were sent by the 
organising laboratory to different laboratories for 
assessing their capabilities in analysing these materials 
for various trace elements. It is worth mentioning, that 
using the methods described in this work for Hg, Cd and 
pb/ our results were in very good agreement with the 
true values as regards Hg and Cd but were generally higher 
for Pb, The coefficient of variation in all the samples 
was less than 10 % for Hg and Cd but v/as 22 % or less 
for Pb, 
The analyses of biological samples, zooplankton, 
various tissues of fishes, (including the samples obtained 
from the experimental studies) will be dealt together. 
Sediment -analyses will be described separately. In 
both the cases, the Hg analysis is described separately 
from Cd and Pb as the methods differ. 
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2»2,1, Total Hq in Biological samples 
The determination of total-Hg (T-Hg) in bio-
logical samples with AAS requires the transformation of 
all organic mercurials into inorganic Hg by wet combustion, 
the reduction of the mercuric ion to metallic Hg with an 
excess of SnCl^ and volatilization of metallic Hg at room 
temperature by aeration and measurement by flameless AAS, 
The last two steps describe the so called cold vapovir or 
reduction aeration technique. 
The method is as follows: 
The frozen samples were thawed and an aliquot 
of 2,5 gm wet weight was analysed by modifying the methods 
described by Uthe et al,, (1970); Bernard, (1976) and 
Holden, (1973), The tissue was digested in 250 ml conical 
flasks fitted with 10 cm air condensers, using 5 ml of 
Cone, H^SO^ (pretested for Hg) and 20 ml of Cone, HNO^, 
on a hot plate at 120°C + 10°C for about three hours. 
After the digestion the solution was transferred to a 
drechsel bottle with a little distilled water. To this, 
the reducing agent, SnClg was added. The solution was 
aerated and the Hg vapour was measured at 253 nm wave 
length. The method gives more than 80 % recovery for 
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Hg in biological samples. Calibration curves were 
prepared using HgCl2 as standard, 
2 . 2 . 2 . T-Hq in sediments 
T-Hg in sediments was analysed by the method 
described by Windom and Cutshall, (1976). 2.0 gms of 
dried and powdered sediment was treated with 20 ml of 
cone, HNOg under reflux for two and a half hours on a 
hot plate at 120°C + 10°C. The solution was then 
determined for Hg by cold vapour AAS, Replicate 
analyses of the sample gave a coefficient of variation 
of less than 5 %, 
2.2.3. Cd and Pb in biological samples 
Cd and Pb were analysed by the method of 
Topping et ol, (1973). 2.5-3.0 gms wet weight was 
digested in a 100 ml conical flask using cone, HNO-j 
(20 - 25 ml) followed by cone. HCIO^ ( 1 - 2 ml) until 
a clear solution was obtained. The digestion was done 
at 200°C + 10"C for about 10 - 12 hours. Blanks were 
run simultaneously with each set of samples using moximxim 
amount of acid used for digestion. After the digestion, 
the acid volume/ reduced to 1 - 2 ml was transferred to 
a 10 ml measuring flask and made upto the mark with glass 
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distillcd water. The solution was then aspirated and 
Cd and Pb analysed a t 228.8 nm and 217,0 nm r e s p e c t i v e l y , 
2,2,4, Cd and Pb in sediments 
Sediment samples were analysed for Cd and Pb 
by the methods of Loring and Rantala, (1977) • The 
sediment decomposition was carried out in a sealed all-
Teflon vessels, known as digestion bombs, 0,1 gm of 
powdered sediment was transferred to the teflon vessel, 
1 ml of a aqua-regia (HNO- + HCl, 1 : 3 v/v) was added 
followed by 6 ml of hydroflouric acid. The cover was 
tightly placed and the bomb placed in an oven at 100°C 
for one hour. After the heating, the vessel v/as removed 
and cooled immediately, after which the contents were 
washed into a 100 ml plastic ]x)ttle containing 5,6 gm 
HoBOo, The volume was made upto 100 ml, Sami-le solutions 
thus x:3repared are extremely stable, Loring and Rantala 
(1977) have pointed out that in more concentrated trace 
element solutions, a gelatenous precipitate of boro-
silicates Will form due to high concentrations of 
silicon. This was found in some samples, however, this 
has been found to have no adverse effects on trace element 
determinations. In samples containing high organic matter 
a black residue is formed that settles down. The elonental 
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content of t h i s i s neg l ig ib le and the supeimatant can be 
asp i ra ted in AAS, 
2.2.5, Organic carbon in sediments 
The organic carbon was analysed by the method 
of EL-Wakeel and Riley (1959), using chromic acid 
digestion method. This method gave a coefficient of 
variation on replicate analysis as less than 3%, 
2.2.6, Experimental studies 
As mentioned earlier, the animals were 
acclimatized for a period of 6 days prior to the start 
of the experiments. Only healthy individuals v;ere then 
chosen. Fibre glass tanks, capacity 900 litres, were 
used for the study. Three tanks were used and in each 
tank, 30 fish, 30 mussels and 75 clams were kept. After 
the collection of the initial sample, i,e,, muscles, 
gills and liver of two fishes; Mantle, adductor muscle 
and Byssus glands of two mussels and whole soft parts 
of 4 clams; the animals were exposed to 0,1 ppm con-
centrations of Hg, Cd and Pb in separate tanks under 
static bioassay technique. Subsequent samples wore 
collected, as mentioned above, after every 48 hrs. The 
water was also changed every 48 hrs. The emimals were 
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kept exposed to the above mentioned concentrations 
of the three metals for 12 days and hence, 6 set of 
samples were collected every 48 hours to see the uptake 
of these elements by the organisms. On the 12th day of 
the experiments the animals were again brought back to 
the natural sea water i.e., the animals were kept in 
running sea water and addition of metal solutions to 
maintain 0,1 ppm concentrations, was stopped. This was 
done to see the losses of the accumulated metals from 
the organisms. Here again the samples were collected 
every 48 hrs for a fortnight, thus 7 sets of samples 
were collected. Several other observations were made 
which are reported later in the results. Throughout the 
experiments the animals vere fed with fish meal and mixed 
algal cultures, A control was kept for the v/hole period 
of exi'^ eriment. 
It may be mentioned here that these experi-
ments were conducted to see the uptake of these three 
elements from the media and the subsequent loss by the 
organisms and no effort was made to calculate the toxic 
limits of the metals. The locality or tissue in which 
the metal gets absorbed the most and subsequent discharge 
was also an important part of the experiments. Furthermore, 
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the difficulty of maintaining the animals, confined 
within a fibre glass tank \inder laboratory conditions 
for prolonged period of time prevented from a lengthy 
study in terms of days and hence, the whole experiment, 
conducted in two parts was finished within a month. 
How far this limitation has affected the aim of the 
investigation is discussed later in the results. Test 
solutions for Hg, Cd and Pb were prepared using HgCl2/ 
CdCl^ and H3NO • respectively. 
"^  3 
Chapter 3 
RESULTS AND DISCUSSION 
3. RESULTS AND DISCUSSION 
3 o1• Surface waters 
The data presented in Figures 3,1 to 3,3 gives the 
concentrations of Hg, Cd and Pb in surface waters of the seas 
around India. While Figure 3.1 gives total Hg (dissolved and 
particulate T-Hg) per degree squares of the area, the concen-
trations for Cd and Pb are given separately for dissolved and 
particulate in each degree square. The upper value gives the 
concentrations in dissolved form and the lower values are for 
particulate matter (Figs, 3.2 and 3,3), 
It is worth mentioning here that monitoring of toxic 
metals in sea water is of great importance in pollution studies 
as it constitutes the environment sustaining various forms of 
life and hence, any reflection of contamination by organisms 
of sediments are a direct consequence of the concentration of 
the particular "pollutant" in sea water, Metals, once intro-
duced in the sea water, either naturally or as contaminants 
undergo various alterations. Apart from the dilution and 
dispersion there are other processes which remove metals from 
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sea water or in other words reduce the concentrations of added 
metal in sea water and these are, precipitation, adsorption and 
modifications by organisms. It is the last one mentioned which 
includes removal by the zooplankton 'debris' and absorption by 
organisms which has been discussed and will be discussed later. 
As has already been mentioned earlier that the three 
elements under study are introduced into the marine environment 
through a variety of processes. The probable dissolved species 
of these three elements- are generally chlorides/ though Pb also 
occurs as carbonate (PbCO^), (Bruland, 1983), 
Reported values of Hg, Cd and Eb are in nannogram level 
from the open ocean areas, however, there exists a wide variation 
in reported values. The values reported here are from Singbal 
et al, (1978) !• Sanzgiri et al. (1979), Sanzgiri and Braganca, 
(1980/ 1981 and unpublished). The surface values are combined 
and produced in one degree squares to show the levels of these 
metals in the seas around India. As can be seen (Fig, 3.1), 
T-Hg values range from non-detectable to as high as 1,09 ng/1. 
Coastal areas have T-Hg in the range of N,D - 1,09 ng/1 with 
an average of 0,19 ng/1 while the areas away from the coast 
have a range of N.D - 0,21 ng/1 with an average of 0,078 ng/1. 
It may be mentioned here that only three offshore stations are 
considered from Bay of Bengal while most offshore stations are 
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considered from Bay of Bengal v;hile most offshore stations 
are from the Arabian Sea, Hence, it is clear that T-Hg near 
the shore is higher than offshore areas with highest values 
off Bombay region and off Hoogly estuary region. These T-Hg 
values are quite comparable to dissolved Hg values for surface 
waters for other areas of the world. 
As regards Cd and Eb values, quite high levels are 
observed in dissolved as well as in particulate matters of the 
sixrface v/aters. However, the data are not enough to give 
consolidated picture of Cd and Pb in the Arabian sea surface 
waters. On a comparative basis the data are quite represen-
tative of the coastal Bay of Bengal and the Andaman Sea, It 
can be seen in Figure 3,2 that the values for Cd are quite 
high, the range being 0,08 - 3,5 ^ug/l in the dissolved form 
and ND - 2606 yUg/gm wet weight in particulate matter. Obviously 
these values are very high and the chances of contamination 
while sampling in some cannot be ruled out. Similarly the 
values for Eb (Fig, 3,3) show extremely high concentrations, 
the range being 0,5 - 12,5 yUg/1 in the dissolved form and 
ND - 7980 yUg/gm wet wt, in the particulate matter. Here, 
too the chances of contamination are quite evident in some 
samples, however, in some of the coastal surface waters these 
high values are quite possible. In the conference of Inter-
national Decade of Ocean Exploration, the reliability of many 
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published analyses of Pb in sea water was questioned. The 
problem is particularly serious in respect to Pb and later on 
lead to the use of specially designed water samplers for the 
collection of sea water for subsequent analysis of trace elements, 
Patterson and Settle, (1976), after working extensively with 
Pb in sea water have highlighted various degree of contamination 
and high values reported by several v/orkers from different areas 
of the v/orld. There are very few reports, other than the 
reports included here, on the concentrations of trace elerrents 
in the surface waters of the Arabian Sea and the Bay of Bengal. 
In fact Chester and Stoner (1974) and Danielsson (1980) have 
described the concentrations of Cd and Pb from the Indian Ocean, 
Hov/ever, their areas of collection of water samples were 
oceanic and hence, it becomes difficult to compare the results 
with the values reported here. 
The table given below summarizes the values in publi-
shed reports from the Indian Ocean, 
S ource 
Chester and Stoner, 1974. 
Singbal et al. 1977 
Sanzgiri et al, 1979 
Danielsson, 1980 
Sanzgiri and Braganca, 
1980 & 1981 
Hg(ng/1) 
Dissolved + 
particulate 
-
13-187 
0-204 
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0.5 -21,8 
Fig, 3,1 : Surface T-Hg (dissolved and particulate) 
concentrations in one degree squares. 
The nxombers on the upper half indicate 
concentrations in ng/1 while the number 
on the lower half indicate total number 
of analysis, 
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Fig, 3,2 : Surface Cd concentrations in one degree 
squares. The numbers on the upper half 
indicate dissolved Cd in /ug/1 while the 
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particulate matter /ug/g 
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3*2. Sodiments 
Human population, concentrated in coastal regions can 
mobilise materials to the coastal marine environment in amounts 
similar to, or even exceeding/ those introduced through vjeather-
ing processes. Such records of anthropogenic and natural fluxes 
are found in coastal sediments, that accumulate these elements 
rapidly. The origin of these elements may be land based through 
rivers, shoreline erosions, marine influxes, produced in situ 
by organisms and human, (Bruland et al, 1974), It is generally 
agreed that the concentration and reactivity of heavy metals in 
recent sediments are regulated by a number of factors which 
include the type of sediment (Thomas, 1972), the grain size 
(Cranston & Buckley, 1972), oxidation conditions (Burton and 
Leatherland, 1971), bacterial activity (Vernat and Thomas, 1972) 
and organic matter content (Lindberg and Harris, 1974), 
Sediments can reflect the extent of man's influence 
on the environment by rapid accumulation so that annual depo-
sitional strata can be distinguished through radiometric data 
techniques. It requires both an accurate chronology of the 
sediment column and data on the types and amounts of materials 
that have accumulated in the sediments over the years. 
Theoretically an ideal complete and detailed record will only 
be found in areas where there has been particle by particle 
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accumulation of sediments with no bioturbation, physical mixing 
or episodes of erosion. For this very reason it is very difficult 
to find an area where these processes are not active. The 
coastal and estuarine sedimentary cycle is effected by these 
processes and makes it difficult to predict accurately about 
geochronology. Many studies have been conducted to determine the 
levels of metal and its history as evidenced in sediments. 
Important amongst them are in Chesapeake Bay, (Goldberg et al«, 
1978), southern California coastal zone (Bruland et al., 1974), 
Baltic (Suess and Erlenkeuser, 1975), Narrangansett Bay 
(Goldberg et al., 1977, and Nova Scotia (Cranston, 1976). 
Mercury levels in sediments vary widely and tend to be 
elevated at the proximity of sewer outfalls (Klein and Goldberg, 
1970), sludge disposal and areas receiving mercury wastes from 
industrial operations, such as Minamata bay, (irukayama, 1967) . 
Vucetic et al, (1974) reported values ranging 0,13 - 1,5 mg/kg 
Hg in sediments of the Adriatic sea, Williams and Weiss (1973) 
found 0,39 mg/kg in pelagic clays collected off San Deigo, 
California, Matsunaga (1981) reported Hg in marine sediments 
ranging from 0,06 - 0,8 ppn but there is little variation in the 
Hg concentration of pelagic sediments (0,1 - 0,4 ppm). Matsunaga 
et al, (1978) have reported that the Hg concentrations in marine 
cores decreased from the surface to a nearly constant value 
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below 20-50 cms. They concluded that Hg in marine sediments 
may be released into interstitial waters and eventually lost 
from the sediments by forming soluble mono- or dimethyl mercury, 
However, Langley (1973) mentioned that Hg containing sediments 
would require many decades to purge themselves naturally to 
background levels. 
Cd concentrations in sediments have been estimated by 
Bruland et al, (1974) from South California and Suess and 
Erlenkenser (1975) from the Baltic. It is generally felt that 
Cd concentrations also increase at the site of disposals and 
estuarine regions. Reported values of Cd in sediments range 
from 0,1 - 480 ppm from different areas of the world, 
Probably the widest range of data are available for 
Eb in sediments. Among the several reports those of Murozoni 
et al. (1969), Chow et al. (1973) and- Bruland et al. (1974) are 
of significance. Recent sediments off the California coast 
have been found to contain Ca 3 0 ppm Eb whereas sediments 
deposited in the same areas prior to 1900 contain 10 ppm Eb, 
At V-Hiite Point, California, recent Pb concentrations are 
400 ppm which suggest the availability of Pb in the environment 
caused by human activities (Chow et al., 1973), Published 
reports of Pb in sediments report values ranging from 0,18 -
13 00 ppm. 
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There are no published reports of Hg, Cd and Eb from 
the coastal sediments from the seas around India, Only two 
reports deal with Hg and Cd in and around Bombay, While Zingde 
and Desai (1981) have reported Hg in Thana Creek, Bombay, 
Ganesan et al. (1980) have reported Hg and Cd off Bombay only. 
Figure 3,4 gives the station positions from where 
the sediment samples were collected, while Table - I gives the 
values of Hg, Cd and HD in ppm dry v;cight. As can be seen from 
Figure 3.4 that practically all the coastal areas were sampled 
specially near the estuaries. The results show interesting 
values for Hg, All the samples analysed show less than 0.05 ppm 
Hg. Expressing results this way became necessary because of 
the amount of sediment sample analysed and the detection limit 
of the instrument, Hg is generally found in low concentrations 
in coastal sediments, unless the sampling site is in direct 
vicinity of a dumping site or a sewer outfall site, where high 
concentrations have been observed, Zingde and Desai (1981) 
have reported 0,3 5 - 2,5 ppn (wet weight) of Hg from Than'L 
Creek (a highly enclosed and polluted water body because of 
the surrounding industries), Ganesan et al, (1980) have 
however, reported 0.1 - 27,0 ppm Hg (dry weight) in coastal 
sediments off Bombay, which does not agree with the results 
obtained here. No reason has been assigned to this. 
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Cd ind Pb also show interesting values. Here too 
minimum concentrrtions of Cd and Pb have been given as less 
than 1 ppm because of the method of analysis adopted which 
restricted the reliability of the values below 1 ppm. From 
Table - I and Figure 3,5 and 3,6^ it is evident that except 
few anamolous values the Pb content in these sediments varies 
from 1 to 208 ppm in the surface sediment samples and the 
cores. These higher values of Pb are observed in coastal 
stations. Similarly in the core samples Pb is observed upto 
100 cms down in the sediments. However/ in all the three 
regions the distribution of Pb is very erratic both in the 
surface and deeper sediments, Cd content too is less than 
1 ppm in most of the surface and deeper sediment samples and 
does not indicate any specific trend in its areal distribution 
as well as the depthwise distribution in the cores (Fig. 3,6), 
The concentration for both these elements are higher than the 
reported values for nearshore sediments (Loring, 1978/ 1979; 
Calvert/ 1976), Average Pb concentration in continental crust 
has been given as 12,5 ppm by Taylor (1964), 
The data on the distribution of Cd and Pb does not 
show any correlation with the organic carbon (Table - l) and 
also the reported values are on the total sample basis/ it 
is very difficult to discern anything on the origin and 
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incorporation of these elements into the sediments. Based on 
their distribution of these elements, however, some genera-
lisations are made regarding their occurrence in the sediments. 
Some investigations (see, Calvert, 1976) have suggested 
that Pb in the marine sediments is mainly associated vj^ith the 
lithogenous fraction of the sediments preferably in the lattice 
position of clay minerals. Further more from the partition 
studies Loring (1978, 79) has pointed that more than 80 per cent 
Pb is present in the lithogenous fractions of the nearshore 
sediments. In view of the presence of fine grained sediments 
(Silty clays, clayey silts) in the study area it is suggested 
that Pb is mainly present in the clay minerals. 
Similarly Cd does not show any corrjlation with organic 
carbon. Many workers (Krauskopf, 1955, Gulbrandsen, 1966) have 
suggested the association of Cd mainly v/ith organic carbon. 
Since the exact Cd concentration below 1 ppm could not be 
calculated in the present study it is difficult to ascertain its 
relationship with organic carbon further at lower levels and 
therefore, it is rather difficult to conclude this and its 
origin in these sediments. 
As was mentioned earlier, the data on the concen-
tration of Hg, Cd and Pb in surface sea water and surface 
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sedimcnts is used here tc give, an overall j^icture of the 
levels of these three toxic oloments in the marine cnvircn-
mcnt around India, Hence, it is not possible to gc into 
detail about the various sources of entry and the reason 
for it. Nevertheless the concentrations observed in surface 
sea water and surface sediments do reveal the presence and 
continuous addition c f these elements to the marine envi-
ronment/ specially the concentrations of Cd and Pb, with 
all the limitations, show increased level. The possible 
reasons have been Jlealt with in the earlier section in 
detail. The overall effect that these elevated ions may 
have on the marine or'janisms reflected by the concentra-
tions found in their tissue will bo discussed later. It 
is worth mentioning here that concentrat ens in selimcnts 
have a great impact on the organisms living there and 
inhabiting the bottom > f the sea. This is one of the 
rcaso-'ns that bcnthic organisms have shown m.aximum con-
centrations of the pollutants, 
3,3, Experimental studies 
The general recognition of marine pollution as a 
potentially sericus problem/ at least in some areas, 
cannot be overemphasised. Experimental studies hr-^ ve 
Pig» 3,4 I Station positions from where sediment 
samples were collected. 
ID 1 
-6 • «r} ' 
-59-
TABLE- I 
ScdimGnt samples analysis of Hg, Cd and Pb 
(ppm dry weight) 
S.No 
1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
Stn . 1 
p o s i -
t i o n 
(F ig . 
3 .4 ) 
2 
1 
2 
3 
4 
5 
6 
7 
8 
9 
12 
1 1 
10 
13 
14 
15 
1 6 
17 
1 8 
1 9 
20 
2 1 
22 
23 
Hg 
3 
<0,05 
<0 .05 
'CO,05 
4:0.05 
<0.05 
<:0.05 
<0.05 
<0.05 
<0,05 
<0 .05 
<0 .05 
<:o.o5 
<0,05 
<0.05 
<0,05 
<0.05 
<0.05 
<0.05 
<0.05 
<0,05 
<D.05 
<0.05 
<0.05 
Cd 
4 
O . . 0 
O.o 
O.o 
<i.o 
< 1 . 0 
< 1 . 0 
<1 .C 
<i.o 
< 1 , 0 
^ 1 . 0 
<C1.0 
<:i.o 
< 1 . 0 
<.1,0 
8 8 , 3 
6 9 , 1 
3 4 , 2 
<i .o-
< 1 . 0 
< 1 . 0 
< 1 . 0 
<i.o 
8 4 . 8 
Fb 
5 
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played an important role in analysing and predic-cing the 
possible effects of a particular pollutant in the environ-
ment. In doing so artificially simple conditions are est-
ablished and environmental variables are controlled or 
eliminated. It is argued that new methods and techniques 
have to be developed to bridge the gap that exists in 
extrapolating the laboratory results to the environment. 
The toxicity tests on which mast standards are based are 
usually made by exposing fish or other sea animals to 
varying concentrations of metals in clean sea water in 
laboratory tanks. The level required to kill 5C % of the 
animals in 96 hours (variable) is used as a measurement of 
acute toxicity and sometimes, a criterion for chronic 
toxicity. It is now thought that such tests do not dui--
licato in actual sea conditions. The metals used are 
"present as ions which means -they are readily available to 
the animals being tested, Goldberg (1954) pointed out 
that trace metals do not exist as independent entities in 
the sea, but are almost invariably attached to particulates 
and are not free to diffuse through body tissues. Similarly 
the animals are suddenly exposed to metal levels far above 
anything likely to bo encountered in the environment and 
their natural defence mechanism cannot respond immediately 
to such a large emd abrupt rise in the concentrations of 
the particular metal. Hence, it is a general feeling 
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that there is a lot of erroneus ccnclusions drawn about 
the metals required to cause toxic effects because toxicity 
tests made in the laboratory do not replicate actual con-
ditions in the sea (Bascom, 19G1) , This had led to a number 
of studies on the sublethal effects of pollutants on 
organisms, their uptake, retention, excretion etc. Though 
methodologies have changed and efforts ore made to conduct 
the experiments providing as natural a condition as exists 
in the sea, an example being the various designs of the 
flow through systems and the CEPEX (control ecosystem 
pollution experiments) , there exist certain shortcomings 
in obtaining reliable results which could then be trans-
planted to the sea. Nevertheless, the pressure of public 
concern and need for action compels the decisions being 
made on preventive measures and regulations for control 
based entirely on laboratory bioassays. For this very 
reason there is a plethora of reports dealing with the 
toxicity of metals to a variety of organisms. 
Studies on the toxicological effects and accu-
mulation of Hg on marine organisms are well documented e.g. 
Calabrese and Nelson (1974); Reish et al. (1976); Eisler 
and Honnekey, (1977) ; Hannery (196C) ; Rucker and Amend 
(1969) ; Olson et ol. (1973) ; Fang (1973) ; Macleod and 
Pessah (1973) ; Pentreath (1976 a,b) , It has been generally 
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recognised that Hg salts are more toxic t(j marine organisms 
tlaan other metals ccnsi-'lere''"'. in these stu-iies. It has 
also been shown by these studies that bioaccumulation of 
Hg and its compounds can ]JG modified by several factors, 
such as the chemical form of Hg administered, the presence 
of chelating or complcxing agents, chemical characteristics 
of the medium and exposure time. 
Experimental studies on the effect of Cd and its 
acciomulation by marine organisms have been well documented 
e.g. Pringlc et al. (196C) ; Brooks and Rxomsby (1967) ; 
Shuster and Pringlo (1969) ; Eisler et al. (1972) ; Nelson 
et al, (1976) ; Eisler and Hennekey (1977) ; Middaugh and 
Dean (1977) ; Fentreath (1977) ; Westemhagen (197C, 1900) , 
Even after extensive work done on Cd poisoning the exact 
mechanism is still unknown. It is, however, believed that 
it is dependent in part on exposure period, concentration 
of Cd in the medium and temperature and salinity of the 
medium. The gill is the primary site of damage and 
accumulation, under conditions of hijh concentrations and 
short exposures, while under prolonged exposure intestines, 
kidney and other tissues are affected. 
Experimental studies on the toxicity and bio-
accumulation of Fb by marine organisms are also well 
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4,2 ppm for oyster (t-ortmann and. Wilson 1971 and Connor, 
1972). Similarly 40 hrs Lc 50 values of Cd toxicity 
range from 0,5 ppm for shrimps to 33 - 100 ppm for fish, 
Agcpnus cataphractus and 165 ppm for mussel, Mytilus 
edulis (Eisler, 1971 and Fortanann and VJilson, 1971) • 
However, these concentrations, found toxic to a wide 
variety of marine organisms, through experimental studies 
are sometimes very high and the probability of such high 
concentrations of metals ever occurring in open ocean 
waters or even coastal waters is very low. On the other 
hand these concentrations may be achieved in certain 
enclosed water bodies which receive considerable amounts 
of anthropogenic discharges. Though the levels toxic tc 
marine organisms are determined on the basis of short-term 
bioassay techniques the important point is that high con-
centrations of metals over 24, 40, 72 and 96 hrs (.n marine 
organisms will have the same effect as lower concentrations 
over extended period of time. Even if one considers con-
centrations of these metals, lower than the levels toxic 
over extended period of time, the most serious effect in 
the present day environment is of bioaccumulation of 
available metal, Portmann (1976) has defined bioaccumu-
lation as a phenomenon which, regardless of reason and 
mechanism results in a marine organism cr a particular 
-67-
tissue of that organism accumulating a higher concen-
tration of a contaminant than that which is present in the 
sea. The inter-relationship of bioaccumulation with 
toxicity cannot be viewed separately and is invaluable in 
the interpretation of their results and extrapolating 
these data to the environment. The use of marine organisms 
in bioaccumulation is convenient because of the capability 
of these organisms to accumulate the metal from the sea 
water making it viable for Einalytical purposes since the 
levels of metals in sea water are sometimes very low to 
be detected, 
A series of experiments were conducted using a 
fish/ a mussel and a clam on the uptake a:id subsequent 
loss of Hg, Cd and Pb in the various tissues. The animals 
used were Tilapia mosam]3ica. Pern a viridis and Villorita 
cyprinoides. These aninials v/ere chosen, firstly because 
of the hardy ne.ture of these animals and their survival 
under laboratory conditions and secondly because of the 
importance of filter feeders and sedentary organisms in 
pollution studies. As mentioned earlier these organisms 
were subjected to high concentrations of Hg, Cd and Pb 
in separate tanks equal to 0,1 + G,0003 ppm for a period 
of twelve days and subsequently in running sea water, for 
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uptake and losses respectively. The main aim of this 
study was to examine the bioaccumulation of the element 
and its subsequent release whan exposed to natural sea 
water. Certain sublethal effects became apparent during 
the studies which are also detailed. No attempt was made 
to examine them in greater detail. 
It was decided tc- treat the data statistically 
in order to reduce the effects of random errors. The 
data for uptake and losses by the tissues of the organisms 
were treated together for this purpose and fed to the 
Hewlett - Packard 9C45B micro-computer, A second order 
polynomial relation could be deduced to arrive at the 
best fit. These curves for the metal concentrations in 
various tissues as a function of tissue arc presented in 
Figures 3,7 to 3.24. 
3,3,1, Mercury (Hq) 
Hg was not found to be toxic to the fish and 
mussel at 0»1 ppm concentration during the tv/elve days of 
exposure. However, all the clams died at this concen-
tration after 40 hrs of exposure. Considerable less feed-
ing and sluggish behaviour were observed in fishes. The 
response to touch and noise was much reduced than in the 
controls. Similarly the mussels were observed to have 
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reduced byssus thread formation evidenced by their free 
movement i.e. unattached, as compared to the controls 
where firm attachment had taken place. No, mortality was 
however, observed either in the fish or in the mussels 
even on the twelfth day of exposure. After which, when 
these animals were brought back to running sea water, the 
reduced behavioural activities gained momentum and became 
normal on the twenty-second day of the experiment. 
Interesting observations were noted for the uptake 
and losses of Hg, The accumulatbn and subsequent loss of 
Hg from mussels, gills and liver of Tilapia are presented 
in Figures 3,7 to 3.9, It is evident that the gills accu-
mulated higher amounts of Hg with a maximum value of 
21,60 ppm on the 14th day of the experiment which came 
down to 0,75 ppm at the end of the experiment suggesting 
a positive accumulation with time oxid subsequent release 
of Hg, While in muscles the rate of uptake reached a 
maximum of 1,79 ppm on the 10th day of the experiment 
coming down to 1,47 ppm showing a slower rate of accumu-
lation. This indicated a delayed maximum and subsequent 
marginal loss of Hg after exposure to natural sea water. 
In the liver, practically no accumulation was observed 
with the values showing very slight change on the 14th 
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day which i s very i n s ign i f i can t . Thus i t i s seen t h a t 
the high r a t e of uptake of Hg and i t s subsequent loss in 
g i l l s i s the r e s u l t of the passive accumulation depending 
on the concentrations in the medium. The concentrations 
in the medium was checked iperiodically by analysing the 
water for i t s elemental content and was found to have 
neg l ig ib le va r i a t ion + 0,0001 ppm maximxim for each element. 
The delayed meixima in the muscles and slower depuT-ation i s 
probably the r e s u l t of incorporation of Hg binding with 
the prote in compounds in the muscles. The non-accumulation 
of Hg in the l ive r suggests the behaviour of Hg and i t s 
non-af f in i ty to l i p i d s . The r a t e s of uptake and losses 
are presented in Table - I I for each orgoii. 
In the mussels, the maximum amount of Hg v;as 
taken up by the adductor muscle followed by mantle and 
byssus gland, Hg in the adductor muscle reached a maximum 
of 37,27 ppm on the 16th day which l a t e r came dovm to 
21,CC ppm a t the end of the experiment. Similar ly in the 
mantle a maximum concentrations of 26.25 ppm v/'.is reached 
on the 14th day which reduced to 7.56 ppm a t the end of 
the experiment. Hg maxima of 13,96 ppm in the byssus 
gland was reached on the 14th day reaching a minimum of 
3.16 ppm a t the end of the expieriment. I t i s evident 
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that the rate of accumulaticn and c3ei'uration differ from 
organ to organ within an organism. In filter-feeding 
organisms, it is often quite difficult to determine the 
accumulation pathway, whether it is from solution, food 
or inorganic particles. The relative importance of each 
of theae possible routes have been shown by Bryan (1979)• 
It has also been shown that Uj.jtalce of jjarticulates is not 
only confined to the digestive system but also tc the jills 
through pinocytosis and transferred tc- other tissues via 
circulating amoel-xjcytes (George et a].,, 1976), George 
ot al. (197G) and Coombs and George (1978) have also 
shown that the uptake of metals is energy dependent. 
It is felt that uptake of Hg by the vari. us organs of 
mussels is through all these processes combined and leads 
.to its incorporation in the adductor muscles in greater 
amounts than in other tissues. This l^ 'inding cf Hg in tlic 
adductor muscle may loe the result of methylation of Hg 
and hence, its slower rate cf depuration. The statistical 
presentation cf the uptake and depul^ ation is given in 
Figures 3,10 tc 3,12 while Table-II gives the rates of 
uptake and losses in yug/day. 
The studies could not be conJucteid with clams 
as 100% mortality was observed within 40 hrs. It must be 
-1-5126+2-2007 T - 0 0 7 8 0 3 T (± 3-265) 
14 
Fig. 3-10. Uptake and Loss of Hg in byssus gland of the mussel 
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Fig.3-12.Uptake and Loss of Hg in adductor muscle of the mussel 
Perna viridis 
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mentioned, however/ tha t the concentration of Hg in the 
sof t pa r t s of clams, a t the beginning of the experiment, 
was 0,001 ppm. After mor ta l i ty the Hg concentrations had 
reached a level of 4.11 i^ pm suggesting a rapid accumulation 
being the causative factor of mor ta l i ty , 
3 ,3 ,2 , Cadmium (Cd) 
Cd too was not found tc) be toxic to Tilapi^ and 
mussel at 0,1 ppm experimental concentrations for 12 days. 
However, 100% mortality v/as observed in clams after 5 days 
of exposure. The behavioral response, characterised by 
slow feeding and movement, v/as observed only during the 
exposure time which came back to normal once the animals 
were brought back to natural sea water after 13 days. The 
mussels showed no observed effect with respect to the 
byssus thread formation and all were found to be attached 
to the surface uf the tank and to each other, 
Cd accumulation and subsequent losses from 
mussles, gills and liver of Tilapia are given in Figures 
3,13 to 3,15. The uptake of Cd is higher in liver which 
shows accumulated Cd at 20,06 ppm on the 2Cth day and a 
marginal decrease to 10,86 ppm at the end of the experi-
ment. Muscles and gills showed lower accumulation with 
time. Though the statistical evaluation gives a high 
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standard deviation of + 0,5 ppm in the muscles, maximum 
Cd concentration of 0,72 ppn v/as observed on the 13th day 
which reduced to 0,13 ppn at the end of the experiment. 
In the gills too, the maximum concentration of 1,22 ppca 
Cd was observed on the 13th day which came down to 0,55 ppm 
at the end of the experiment. Muscles and gills of Tilapia 
accumulate Cd at a much slower rate as compared to liver 
where not only the rate of accumulation is very high but 
the depuration rate is also very slow, retaining much of 
the acciomulated Cd even after a fortnight of depuration. 
The probable reason for this is the association of Cd 
with lipids and the metallothinein compounds, Cd metallo-
thionein has been found in the liver of the sea lion and 
plaice (Lee et al,, 1977, Overnell et al., 1977), Induction 
does not appear to be dose-related because even under 
natural conditions Cd concentrations showed an increase 
suggesting the indirect route of Cd in the liver, by 
replacement of other minerals from the thionein compotinds 
such as Zinc, This has been shown to be tme in other 
organisms (Bryan and Hummerstone, 1973), 
Cd accumulation in various tissues of mussels 
did not show much variation. Comparatively adductor 
muscles accxmulated the maximum amount of 10,23 ppm Cd 
on the 15th day which came down to 4,35 ppm at the end 
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Fig. 3-15. Uptake and Loss of Cd in g i l l s of T i lapia mosambica 
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of the experiment. Mantle and byssus gland accxomulated 
7,7 and 9,2 ppm Cd on the 15th and 13th day respectively, 
which came dovm to 4,2 and 1,2 ppm at the end of the 
experiment. The statistical presentation in these tissues 
are given in Figures 3,16 to 3,18 while the rate of uptake 
and losses are given in Table - II, As is evident not much 
difference is observed in the rate of uptake and depuration 
of Cd in these tissues, though the values reach very close 
to the initial values of Cd in the byssus gland, Pentreath 
(1973) had suggested that Cd uptake in Mytilus is largely 
from suspended pcirticles. Accumulation of Cd in these 
experimental studies by the various organs of mussels 
behaves proportional to the concentration in the medixom. 
The experiments could not be ccducted with 
clams because of 100% mortality on the 5th day. The 
concentration of Cd in the whole soft parts at the 
beginning of the experiment was 0,18 pp«n which increased 
to 0«92 and 0,76 ppm on the 2nd and 5th day respectively. 
It is probable that mortality occurred because of rapid 
ingestion of Cd from the medium, thus disrupting the 
various biochemical processes, 
3,3,3. Lead (Pb) 
Pb was found to be the least toxic of the three 
metals under study. 100% mortality was observed in clams 
Ccd = -0 0924 + 1-3895 T-00517T (±1-89) 
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Fig. 3-16. Uptake and Loss of Cd in byssus gland of the mussel 
Perna v i r id is 
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Fig. 3-17. Uptake and Loss of Cd in mantle of the mussel Perno 
viridis 
Ccd = 0 - 0 4 7 7 + I - 3 8 2 4 T - 0 - 0 4 6 9 T (+ 2-59) 
max =14-73 
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Fig. 3-18. Uptake and loss of Cd in adductor muscle of the mussel 
Pe rna v i r i d i s 
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only on the iCth cliy of the experiment; v;hen the animals 
were transferred to natural sea water, G0% mortality was 
observed on the 12th day c,f the exposure at C.l ppm t-h. 
The ccncentratirns cf l-h in whole soft parts of clams at 
different exposure time is given belows 
Days 
Cone, 
in 
ppm 
Initial 
0,76 
2 
1.06 
4 
1.94 3.2 
0 10 
G.7 
12 
1 o o 
14 
C.4 
16 
C.Ol 
1& 
r.G 
It is evident that high amounts of Pb v/as inqested 
by clems having a dclayc. 1 effect causing mortality which 
could be due tr the effect of PJ,^  on respiration in bivalves, 
as suggested ];y Schulz-Baldez (1974) , thus effecting the 
normal metabolism of the organism. No definite cause of 
mortality could however, be ascertained. 
Fb uptake and losses from the different tissues 
cf Tilapia gave interesting results as shown in Figures 
3,19 to 3,21, The gills and liver shov? similar trends of 
accumulation with the maximum concentration of Tb being 
3,2 and 2,04 lopm being reached on the 17th and 15th -.lay 
of the experiments restectivcly. It is interesting to 
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note that these levels were more or less maintained in 
gills, reaching a level of 2.4 ppm at the end of the expe-
riment. Liver was able to purge Eb more efficiently-
showing levels of 1,38 at the end of the experinrent« This 
is an interesting observation because the association of 
Eb with bony structures, like gills and bones, is well 
documented where it replaces and affects the upta]<e of 
calcium from the medium,. 
In the muscles of Tilapia, Pb showed an irregular 
pattern of accumulation which came down to less than the 
initial concentrations, however, statistically the results 
in the muscles are not significant with a calculated 
standard deviation of + 0,97. 
The uptake of Eb in mussels is generally dependent 
of food (Schulz-Baldez, 1974), concentration in the medium 
and suspended particles. The exact nature of Eb uptake 
in the mussels is however, not clear, though George et al. 
(1976) suggested an energy dependent Eb uptake in mussels. 
The uptake was highest in adductor muscle with a maxima 
on the 15th day of 15,93 ppm rb which eventually reduced 
to 9,19 ppm at the end of the experiment. This is followed 
by mantle where a peak concentration of 12,92 ppm Eb was 
reached on the 15th day coming down to 6,36 ppm at the 
Cpt,= 0-6556 + 0 - 3 0 0 I T - 0 0 0 8 9 T ( ± 0 - 2 6 ) 
Tmax= '6- 85 
Fig. 3*19. Uptake and Loss of Pb in g i l l s of T i l a p i o mosambica 
Cpb = 0 4 0 6 9 + 0 -0189T-0 0011-T ( ± 0 - 9 7 ) 
Tmax=8 59 
•65 
575 
-• •" 
Fig. 3-20. Uptake and loss of Pb in muscles of Ti lapia mosambica 
Cpb =0-3477 + 0 - 3 3 4 4 T - 0 0 I I 4 T (±112 ) 
Tmax= 14-62 
Fig. 3 -21 . Uptake and Loss of Pb in l iver of T i l ap i a mosambica 
Cpb = 0 - 8 9 8 3 + 1-8806 T - 0 0 6 0 3 3 T { ± 4-7) 
^max" 15-59 
7-5 10 12-5 15 17-5 2 0 22-5 25 
Period in days 
Fig. 3-22.Uptake and Loss of Pb in adductor musc le of the mussel 
Perna v i r i d i s 
Cpb 
T 
max 
i - 2 0 2 6 3 +1-9315 T - 0 0 6 2 I T ( + 2 - 8 8 ) 
= 15-55 
Fig. 3-23 Uptake and loss of Pb in mantle of the mussel Perno 
v i r id is 
Cpb = 3 - 2 9 6 5 + 0 - 5 9 4 8 T - 0 0 2 2 8 T (+3-27) 
T m a x = ' 3 0 
Fig.3-24. Uptake and loss of Pb in byssus gland of the mussel 
Perna viridis 
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end. Similcrly in the byssus gland, lowest accuraulaticn 
was observed reaching a peak concentration of 7,CC ppm 
on the 13th day v;hich reduced to 3,42 ppm at the end of 
the experiment. The rates e-f uptake and loss are given 
in Table - II while the statistical evaluation of the 
results for each of the tissue is given in Figures 3,22 
to 3.24. 
A closer look at the Figures 3,7 to 3,24 and 
the Table- II suggests that Hg is accumulated in greater 
omcxants in all the tissues of Tilapia as well as mussels 
as compared to Cd and Pb. The only exception being liver 
of Tilapia where Hg accumulation is x->ractically nil v/hilc 
Cd and I-b show increased level of accumulr"'.:ion and slower 
rate of loss in liver. The important t)bservatiun is the 
rotcntiun O'f Hg in the muscles - f Tiln-ia suggesting the 
possible linkage v;ith i r.-tcin and sul:Cv:quor!-':: methylaticn 
Of Hg, Cunningh-am and Tripp (1973) observe'. that the 
concentration of Hg declined only during the first IG to 
30 days of the experiment while for the next IGO 'ays the 
concentrations of Hg in muscles remained constant, indi-
cating a permanent fixation of Hg after mcthylation. 
Fringle et al, (1960) proposed that the rate of 
loss is determined l^y the rate -.f uptake. The results 
.'•y* * 7 * - ' 
.V/^  ) 
•S^ 
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here however, suggests that the rate of loss is more 
directly related to the time of the exposure and the 
concentration of the particular metal in the various 
tissues, Schulz-Baldez, (1974) suggested that in uptake 
and depuration studies the losses of Pb indicates the 
presence of exchange equilibrium. He also pointed out 
that the rate of uptake may always exceed that of loss 
so that a permanent fixation of Pb could occur. This 
has been confirmed in most of the tissues here, specially 
in gills, where the rate of loss is slower than the rate 
of uptake. 
Contrary to this, the uptake rate is proportional 
to the concentration in the medium and the rate of loss 
is proportional to the internal concentrations. Hence, 
at a constant metal concentration in the medium the rate 
of uptake is constant till initial equilibriiim is reached, 
while the rate of loss increases with higher internal 
concentrations. Thus a steady state of uptake and loss 
must exist. It is seldom so, because of the affinity of 
certain metals towards certain tissues. This has been 
observed in these experiments, 
Hg has been found to have an affinity towards 
muscles of Tilapia and the adductor muscles of the mussels 
- S 
- 7 D -
wirh no ?.ffinity toW'-^rds the l i ve r of T i l i i - i c . This i: 
evidenced '^ y th*- uj^take of Hy b> these tissui-s zn^.' suL-
soquont depuXation where- the levels don ' t re-ich "chc 
i n i t i a l concentr i t ions -it tne time of s t a r t oy the exi.eri-
mcnt. In fac t for e.11 the t i s sues the Hg conc^^ntrr^txens 
a t the end of the experiments remained high. 
Similar ly Cd h is no a f f in i ty towards muscles 
and g i l l s but saows a • os i t iv t . cor re la t ion in terms of 
uptake in l i ve r of T i lap ia . So much so t h a t i t ^ets 
incorporated in the l i ve r probably with the raota l lo th i -
onein, and i s nc>t reduced even af ter exposure to na tura l 
sea water. Low uptake of Cd i s else observed in t i s sues 
of mussels. Fcntreath (l'^77) alsc sujocsted a lower 
Cd uptake 'jy the fish p la i ce --nd Thcrn-]-'ack ray than 
Hg and Zn. This cJjservati^ n <-f fin din _ higher uptake by 
l i v e r and i t s subsequent rctt-iticm i s in c r t a n t in th.. 
l i g h t cf the r e s u l t s obtained from organism in -choir n r t u r a l 
h a b i t a t v/aich wil l be described l a t e r , 
F]" toi.' i s ]..urged frem almost a l l th^. t i s sues of 
Ti lapia to a much lower level except for g i l l s where 
re tent ion of t b i s observed which may be due t^ r.h .^ 
a f f i n i t y of I-b towards bony t i s sues by replacin_ calcium 
from them. In mussels too, much cf the accumulated l b i s 
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retained in the tissues suggesting the fixation of Eb, 
It can be expected that over extended period of 
depuration time the concentrations of these elements will 
come further down. Another important observation is the 
emergence of certain tissues indicative of selective 
absorption and retention of a particular metal, thus making 
them an ideal monitoring tool. In general muscles are 
ideal indicators of Hg, liver for Cd, gills and liver for 
Eb and adductor muscles for all the three metals. This is 
interesting from the point of view of monitoring programmes 
and will be further substantiated in the following Section, 
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3,4, Zooplankton 
Zooplankton is of great importance in the cycling 
of elements in the oceans. They are second only to phy-
toplankton in abundance and hence, their role in trans-
porting elements in the marine ecosystem has been suggested 
like vertical migration across mixing barriers (Pearcy and 
Osterberg, 1967); incorporation of elements into fast sink-
ing fecal pellets (Osterberg et al., 1963); moulting of 
exoskeletons (Fowler and Small, 1967); passage of elements 
to higher trophic levels (Osterberg et ajL. / 1964) and 
sinking of skeletal structures after death (Arrhenius, 1963) 
Variations in elemental content of zooplankton samples are 
certainly to be expected. Any given sample would contain 
species from several phyla with different morphologies and 
feeding modes, species composition will change from place 
to place, and again with seasons, Armstrong and Atkins 
(1950) suggested the mechanisms v/orking and responsible 
for the elemental uptake by members of the plankton 
community v/hich was later described by Brooks and Rumsby, 
(1965) as : particulate ingestion of suspended material 
from sea water, ingestion of elements via their pre-
concentrations in food materials and other mechanisms. 
Hence, it becomes impossible to determine the reasons of 
one zooplankton sample containing less or more of an 
element than the other. However, in view of the large 
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surface to volume ratio of the. zooplonktoH/ it is rea-
sonable to assume that che ditfercnces in t±ie ar.iounts 
taken up by adsorption-exchange may be largely responsible 
for the variation of these elements. In addition to the 
amount of available surface area, tliree main factors govern 
adsorption rates, i.e., concentration of the element in 
the sea water, physical factors such as temperature .and 
finally since adsorption is not instantaneous, the amount 
taken up will depend on the time factor also, Martin, 
(1970), based on the above assumptions, and considering 
the copepods to be the most abundant multicellular animals 
in the world and each member having eleven exoskeletal 
casts, suggested the possibility of elemental transfer in 
the world oceans because a large portioa of these moulded 
insoluble exoskeletal chitin must reach the bottom and 
since these moults are capable of taking up elemonts by 
adsorption exchange even after the moulting process is 
over, it could be a major source of biological transport 
of trace metals in the oceans. 
Concentrations of metals "In zooplonkton may vary, 
nonetheless, they indicate the environmental characteristics 
of the area of collection. Despite this very little is 
known about the concentrations of heavy metals in zooplonkton 
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from different areas. Much of the published work deals 
with trace elements and has been confined to multielement 
determinations on bulk collections of zooplankton e.g./ 
Noddack and Noddack, (1939) ^  Vinogradov (1953) ; Nicholls 
et al, / (1959); Vinogradova and Kovaliskiny, (1962); SzabO/ 
(1968); Martin, (1970); Martin and Knauer, (1973); Topping 
et al., (1973); Knauer and Martin, (1972); Martin and 
Broenkow, (1975), While almost all these deal with the 
analysis of Fb very few give information on Cd or Hg, V^ Thile 
Nicholls et al. (1959) did spectrographic analyses of 
several elements in ten species of zooplankton, including 
Pb, they v/ere unable to detect Cd due to limited scope 
of the methodology, Noddack and Noddack, (1939) too 
analysed only Pb v/hile Martin (1970) , Martin and Knauer, 
(1973), Topping et al. (1973) and Martin and Broenkow, 
y 
(1975) reported values on Pb as v/ell as Cd, and Knauer 
and Martin (1972) reported Hg, It is evident that there 
is not much information regarding the concentrations of Hg, 
Cd and Pb in marine zooplankton. However, there are some 
other reports from certain estuaries and bays, A comparative 
analysis of the values reported by these workers and the 
values obtained in this work is given later. There are 
very few reports from the Indian waters i,e, Kureishy and 
George, (1977) , George and Kureishy, (1979) and Kureishy 
et al_, (1983) and these data are incorporated in the 
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forthcoming discussion. In all about 49 zcoplankton 
samples were collected from various stations along the 
Indian coast as well as the Andaman Sea. The station 
positions are given in Figure 3,25 and the results are 
presented in Table-V, It is evident that the area 
covered for zooplankton sample are mostly spread along 
the coastal regions of India including the /uidaman group 
of islands with a few samples from areas away from the 
coast/ specially in the Bay of Bengal, The results 
(Table-V) are divided into three areas i.e. Arabian Sea* 
Bay of Bengal and the Andaman Sea, 
A preliminary analysis on species composition of 
all the zooplankton samples, based on sub-s.amples or other 
samples taken from the same stations revealed that 
copepods were the most dominant group in all the samples, 
Chaetognaths and euphausids v7ere next in abundance. 
However, it was felt that minor changes in the composition 
would not really be a factor causing the wide variation 
observed here. 
3,4,1, Mercury 
Hg could not be detected in any of the zooplankton 
sample barr ing one where the value was 0,001 ppm. This 
i s cjuite understandable when we observe the values reported 
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for dissolved and particulate Hg from areas of the 
zooplankton sampling (Fig, 3,1), This can also be 
correlated v^ ith lov; Hg concentrations in smaller fishes, 
feeding on zooplankton (Tables-VI-IX) and this general 
pattern is observed throughout the coast, Martin and 
Knauer (1973) reported 0,05 - 0,29 ppm (dry weight) in 
different groups and 0,14 ppm (dry weight) in mixed 
zooplankton from areas between California and Hawaii, 
Knauer cind Martin, (1972) reported 0,012 ppm from 
Monterey Bay, California, It is difficult to explain 
the differences in values reported by these workers and 
the values reported here. However, it is obvious that 
low concentrations of Hg in zooplankton is associated 
with low concentrations c£ Hg in particulate and dissolved 
form in the coastal regions of India. 
3,4,2, Cadmium 
Cd, in general, showed quite high values in 
zooplankton. In the Arabian Sea the values range from 
0,02 - 3,33 ppm with an average of 0,92 ppm, while in 
the Bay of Bengal they were from 0,45 - 5,43 ppm, with 
an average of 1,74 ppm. In the /.jidaman Sea, values 
based on only six samples, the range was 0,69 - 5,99 ppm 
with an average of 2,31 ppm. Thus, the difference from 
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the v/est coast tc the east coast is apparent, it being 
higher in the Bay of Bengal than in the Arabian Sea, 
This is also evident when we compare the values of Cd in 
particulate as v/cll as in dissolved form in the coastal 
and offshore areas along the Indian coast, which shows the 
availability and presence of higher concentrations of Cd 
in the surface waters of Bay of Bengal than in the Arabian 
Sea (Fig, 3,2). However, the values for surface waters 
are too few to come tc^  a definite conclusion. 
No significant difference between coastal and 
offshore stations was observed. Average values for 
coastal stations was 1,3 ppm (range 0.09 - 5,43) aind 
for offshore stations it was 1,56 (range 0,02 - 5,99). 
This, however, is not so significant as with Pb and 
other metals reported earlier (George and Kureishy, 1979) , 
It was observed in this study that zooplanktcn from 
offshore stations showed higher concentrations of: metals 
than from coastal stations. 
Comparing our values with those reported by other 
workers, for Cd in zooplankton, from different areas, it 
becomes evident that Cd is generally observed in higher 
concentrations in zooplankton, A comparative analysis 
is presented in Table - III. It is evident that the 
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valuos re]?ortGd by these workers for Cd arc confined to 
the Cal i fornia coasts Scot t ish waters and the At lan t i c 
Ocean, 
3 . 4 , 3 , Lead 
Inspite of the problems- encountered in the 
analysis of Pb in zooplankton because of contamination 
several samples (total 49) were obtained free of con-
tamination. Results show quite high values of Pb in most 
of the samples. The three areas of study shov/ed very 
interesting values for Pb, In the Arabian Sea the range 
was 1,12 - 13,02 (average 4,83 ppm) with a single value 
of 34,25 ppm which was not included to calculate the 
average. In the Bay of Bengal the range vras 1,0 - 13,7 ppm 
with an average of 6,39 ppm. In the Bay of Bengal too/ a 
few very high values were omitted in calculating the 
average. Similarly in the Andaman Sea the range was 
4,27 - 11,22 ppm with an average of 6,45 ppm, 
Pb also showed similar trends in different areas 
as Cd, being lower in the Arabian Sea as compared to the 
Bay of Bengal, While Cd values did not show much variations 
between coastal and offshore stations, Pb values showed 
a marked difference between the zooplankton samples 
collected close to the coast and from the offshore waters. 
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VJhilc the range cf Pb in zooplankton from coastal 
stations was 1,0 - 13,02 yym, witn an average cf 4,5 j,vpm, 
the offshore stations zooplankton showed a range of 1,0 -
23,8 with an average cf 8,14 ppm. It may be mentioned 
that here too some extremely high values were omitted 
in calculating these averages. An important observation 
v/hich comes to light hero is the presence and accumulation 
of Pb in higher amounts by zooplankton from areas far off 
the coast. It is also evident from the values of Pb in 
dissolved and particulate form (Fig, 3,3) that high amounts 
of Pb is available and reaches the surface waters through 
precipitation of river runoff or both. 
Several v/orkers reported values "->£ Pb in 
zooplankton from different areas of the world and there 
are wide variations in the values of Pb, arising more out 
of differing analytical mothodolorios employed and the 
areas of collection, Tlie comparative values of Pb in 
zooplankton frcm. different areas are given in Table - IV, 
It is evident from Table IV that high concentrations of 
Pb are observed by all the workers, 
3,4,4, Conclusion 
From the results cf the zooplankton analysis 
a few very interesting observations come to light. 
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While Hg, one of the most tc^ xic motals, was not detectoc! 
in any of the sample analysed, the concentrations of Cd 
and Pb show increased levels in this vital link of the 
marine food chain, which as discussed earlier, is of con-
siderable importance in the transfer mechanism of metals 
in the food chain. Apart from this, the role of zooplankton 
in transporting elements through the water column by various 
processes, as mentioned earlier, is also very significant. 
The differences in concentrations of CJ and Pb 
in zooplonkton from Arabian Sea and the Bay of Bengal 
including the /mdaman Sea is probably due to the weathering 
and anthropogenic releases of these elements through river 
runoff and subsequently their high availability in dissolved 
and particulate form. The differences in concentrations 
of these elements (Pb in particular) in coastal and 
offshore zooplankton probably results from several factors. 
One of which may be the result the peculiar gyral circu-
lation pattern in the Bay of Bengal, Another reason for 
this interesting observation could be that since the 
coastal areas have a large amount of solid particles, the 
metals arc adsorbed on these particles and are probably 
removed more quickly by sinking to the bottom than in 
the open ocecin v/hich has very little particulate matter, 
thus making less metal available in the coastal areas 
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than in the open ocean. This observation is however, not 
supported conclusively by the concentr-^tions of Pb and O^ 
in the dissolved form from the surface waters because of 
very few observations. The above assumption has however, 
been shown to be true in the case of chlorinated hydro-
carbons (Harvey, 1974) , On the other hand these high con-
centrations of Cd and Pb in zooplanktcn do give an indi-
cation on the availability and presence of these two 
elements in the marine environment around India, The 
possible imjjact it may have on animals higher in the food 
chain will be discussed later, 
3,5, Marine Organisms 
The levels of Hg, Cd and Pb, which are causing 
concern to the environmentalists aroiond the world are 
generally lew in sea water. As mentioned eorlicr, in most 
of the marine environment it is h-irdly probable for the 
acute toxicity to attain one-tenth of the lethal value. 
Although variations in toxicity do occur in ranges due 
to area, size, age sex etc, of the animals exojnined, it 
may be assumed, at first approximation that the levels 
which arc toxic to many organisms will never be attained, 
hs it is because of their very low concentrations in the 
oceans, accurate measurements of these substances pose 
Fig, 3,25 s Station positions from where zooplankton 
samples were collected^ 
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TABLE ~ V 
Hg, Cd and Pb i n Zuop lonk ton (who le ) samples (ppm w e t w e i g h t ) 
S a m -
p l e 
N o , 
1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
1 6 
17 
1 8 
19 
20 
2 1 * 
2 2 * 
2 3 * 
S t n , 
N o , 
2 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
1 8 
19 
20 
2 1 
22 
23 
Hg 
3 
N.D 
N .D 
N . D 
N.D 
N.D 
N .D 
N.D 
N ,D 
N .D 
N.D 
N .D 
N ,D 
0 . 0 0 1 
N ,D 
N .D 
N .D 
N .D 
N.D 
N .D 
N.D 
N.D 
N.D 
N.D 
Cd 
4 
P b 
5 
f 
ARZvBIAN SEA 
0 , 8 3 
1 , 2 2 
0 , 0 9 
3 , 3 3 
0 . 1 3 
1 . 1 2 
0 , 8 9 
0 . 9 3 
0 . 7 6 
0 . 0 2 
0 . 1 3 
1 . 2 5 
2 , 0 1 
0 , 5 3 
0 , 8 8 
1 . 0 6 
1 . 6 3 
1 . 0 0 
0 . 4 6 
0 . 2 5 
BAY 
1 . 7 3 
-
1 . 6 8 
6 . 7 3 
1 3 . 0 2 
2 . 3 5 
3 4 . 2 5 ^ 
9 . 2 2 
3 . 1 4 
1 . 2 8 
8 . 1 5 
2 . 0 8 
1 1 . 2 3 
6 . 0 5 
4 . 1 3 
1 . 3 2 
1 . 8 9 
7 . 3 1 
3 , 6 7 
3 . 2 8 
3 , 1 1 
2 , 8 6 
1 . 1 6 
OF BENGAL 
34.6^^ 
-
4 1 . 6 ^ 
T y p e o f Hand ( n e t u s e d ) 
6 
S u r f a c e ( N e u s t o n ) 
II II 
II II 
V e r t i c a l (lOSN) 
S u r f a c e ( N e u s t o n ) 
V e r t i c a l (lOSN) 
II II 
(H,T) 
(H,T) 
II II 
S u r f a c e ( N e u s t o n ) 
II II 
II 11 
II II 
II >i 
V o r t i c a l (lOSN) 
II II 
(H,T) 
S u r f a c e ( N e u s t o n ) 
II II 
V e r t i c a l H a u l (HT) 
II II 
II II 
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TTiBLE - V (Contd) 
1 
2 4 * 
2 5 * 
2 6 * 
2 7 * 
2 8 * 
2 9 * 
3 0 * 
3 1 * 
3 2 * 
3 3 * 
3 4 * 
3 5 * 
3 6 * 
3 7 * 
3 8 * 
3 9 
40 
4 1 
42 
43 
4 4 * 
4 5 * 
4 6 * 
4 7 * 
4 0 * 
4 9 * 
2 
24 
25 
26 
27 
28 
29 
30 
3 7 
3 6 
3 8 
3 4 
35 
33 
32 
3 1 
3 9 
40 
4 1 
42 
43 
44 
45 
46 
47 
48 
49 
3 
N . D 
N .D 
N.D 
N.D 
N .D 
N .D 
N .D 
N .D 
N .D 
N.D 
N.D 
N .D 
N.D 
N.D 
N . D 
N .D 
N .D 
N.D 
N .D 
N .D 
N .D 
N .D 
N.D 
N .D 
N.D 
N .D 
0 , 0 0 1 
N .D 
N.D 
4 
0 . 8 8 
1 . 1 2 
-
0 . 9 7 
0 . 9 3 
•w 
2 . 2 4 
1 . 9 4 
1 . 8 8 
2 . 0 4 
2 . 0 0 
0 . 9 3 
0 . 7 9 
-
5 . 4 3 
3 , 8 7 
1 . 8 7 
1 . 2 2 
1 . 2 1 
0 , 4 5 
5 
2 , 2 
1 . 0 
-
2 3 . 8 ^ 
1 2 . 6 
-
1 1 . 8 9 
1 0 . 8 
1 1 . 6 
3 4 . 0 ^ 
1 . 6 
1 . 4 
1 ,0 
M * 
3 7 . l " " 
2 1 . 8 ^ 
1 3 . 7 
1 0 . 7 
2 . 4 0 
2 . 1 3 
ANKvMM^ SEA 
1 . 9 6 
2 . 3 7 
0 . 6 9 
1 , 3 6 
1 . 5 3 
5 . 9 9 
1 1 , 2 2 
5 . 2 4 
4 . 3 6 
3 1 . 0 7 ^ 
4 . 2 7 
7 . 1 9 
A v e r a g e s 
A r a b i a n S e a 
0 , 9 2 4 . 8 3 
Bay o f B e n g a l 
1 , 7 4 6 . 3 9 
Andaman S e a 
2 , 3 1 6 , 4 5 
V e r t i c a l 
II 
II 
V e r t i c a l 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
S u r f a c e 
" 
II 
II 
S u r f a c e 
V e r t i c a l 
II 
II 
II 
S u r f a c e 
6 
H a u l (HT) 
II 
II 
H a u l (H.T) 
II 
II 
(lOSN) 
II 
II 
(H.T) 
II 
II 
II 
II 
II 
II 
( N c u s t o n ) 
II 
II 
II 
( N e u s t o n ) 
(H.T) 
II 
II 
II 
( N e u s t o n ) 
a 
* 
not included for averages 
converted frcm ppm dry vi/eight tc 
ppm wet weight. 
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great difficulties to the analytical chemist and hence/ a 
wide variety of reports have been published. In such cases, 
the biological accumulator presents certain advantages in that 
it will concentrate the contaminant to a level v/hich can more 
readily be measured. More so, since the sea v;ater is not a 
homogenous medium, it is useful to have some means of averag-
ing out the variations which occur on short term temporal or 
spatial basis, as is reflected and achieved by a biological 
accxxmulator or organism. 
It is often argued that a "synthetic animal" such as 
an ion-exchange resin may well perform many of these functions 
of giving a picture of environmental quality. But an organism 
can discriminate between biologically available and non-
available forms of the contaminant, whereas the "synthetic 
animal" <l -^mot make such a distinction. Since data on con-
tamination levels in marine organisms are often of relevance 
from a dietary intake (human consumption) stand-point, the 
use of an appropriate marine organism may serve two purposes, 
one of reflecting the differences in levels of particular 
pollutants in different environments, and two, the important 
aspect of food chain magnification theory of a contaminant 
reaching man through marine animals consumed as food. 
In the first objective, mentioned above, one may 
face certain problems in extrapolating the data because of 
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the variations within the organisms and on the size, age, 
area of collection, sex etc, Hov/ever, the second purpose is 
fully utilised by analysing the levels of potentially important 
pollutants in marine organisms from the food hygiene point of 
view. The levels lethal to marine organisms may never be 
reached but the enrichment of these pollutants within organisms 
and hence, its magnification through the food chain con be 
reached at existing levels at certain places. 
Keeping this in view a wide variety of marine 
organisms, representing different classes, stages and levels 
in food chain, areas and sizes v/ere collected from all along 
the Indian coast as well as from the open sea for analysis of 
Hg, Cd and Pb in them. Moreover, in some cases several 
individuals of the same species and size and habitat were 
pooled together to get a representative composite sample 
wherever possible. Two "shore based stations", Goa and Port 
Blair in Andamans, were chosen to collect estuarine and 
nearshore organisms. While Goa was chosen because of the 
proxixTU-ty and easy access. Port Blair was chosen more as a 
'control' area which may be termed as not receiving any 
significant amount of man-made pollutants, several other 
fishes, generally fast sv/imming pelagic forms were collected 
all along the east as well as the west coasts of India, 
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The station positions from where these organisms 
were collected are given in Figure 3,26, The results have 
been divided into various areas of collection i.e. the Arabian 
Sea in Table VI, Bay of Bengal in Table VII, Andaman Sea and 
Port Blair jetty in Table VIII and organisms collected from 
Panjim jetty in Goa in Table IX, The concentrations of all 
the three elements are presented together in each table. For 
discussion purposes the concentrations of each metal in marine 
organisms are dealt separately. The ranges of Hg, Cd, and Pb 
in various organisms are given in Table-X v/hile Table XI gives 
the ranges in various tissues of fishes, 
3.5.1, Mercvirv (Hq) 
Hg was analysed as total Hg (T-Hg), It is evident 
from the tables that T-Hg was present in quite low concen-
trations in all the fishes, prawns, crabs and bivalves. The 
ranges of T-Hg in various organisms are given in Table-X, 
Small fishes ranging from 3 cms to about 20 cms in length 
had T-Hg concentrations in their muscles ranging from N,D -
0,1 ppm wet weight with an average of 0,018 ppm v/ith maximum 
number of values lying in the range of 0,001-0.02 ppm. The 
larger fishes, which have high metabolic rates and are 
extremely mobile, had varying concentrations of T-Hg in 
different tissues. The highest concentrations are observed 
in muscles and generally follows the pattern Muscles N -
Heart/^ Gills y Kidney ^  Gonads "^  Liver. The ranges of 
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T-Hg and average concentrations are given in Table XI, It 
can be seen that T-Hg was much lower in all the other tissues 
than in muscles. Topping et ELI. (1975) found lower concen-
trations of T-Hg in liver than in muscles but Doi and Ui 
(1975) ; Denton and Breck (1981) and Stoeppler and Nurnberg 
(1979) found equal or higher amounts of T-Hg in liver compared 
to muscles in several fishes. 
Mercury tends to accumulate in the muscle and liver 
of fish, probably owing to its tendency to form stable 
complexes v;ith the functional groups of proteins. This 
tendency, combined with the lipophilic properties of methyl 
mercury (the principal form of mercury found in marine 
organisms) is the main reason for mercury concentrations in 
muscles. It should be true in the case of mercury concen-
trations in liver too, however, the observations made here 
do not support this. It is felt that a more preferential 
complexing with protein compounds in the muscles takes place 
over time which is evidenced by increased levels of T-Hg 
observed in the muscles as compared to liver. This may be 
a peculiarity of larger fishes only as methylation takes 
place and much of the absorbed Hg is incorporated in muscles. 
The T-Hg values are however, so low that fractionation into 
methyl and inorganic form would have been difficult and, 
therefore, no attempt was made at differentiation. It is 
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hov/ever, known that nearly 70 ~ 90 % of Hg occurs as methyl-Hg 
in tissues of fishes (Westoo, 1966; Bickstrom, 1966; Doi -ind 
Ui, 1975) , 
Highest concentrations of T-Hg was found in leatherskin 
(Talang) fish of 0,3 6 ppm followed by an unidentified Grunter 
fish belonging to family Theraponidae of 0«24 ppm, T\ana of 
upto 0,22 ppm, sharks upto 0,21 ppm. Barracuda upto 0,2 ppm. 
Dolphin fish of upto 0,14 ppm, and Seer fish and Sea pike of 
upto 0,11 ppm. One Seer fish collected from the Andaman Sea 
shov/ed a high value of 0,89 ppm in the muscles and has been 
omitted from the discussion here being a single isolated case. 
The above mentioned concentrations are much below the W, H, 0, 
maximum limit of 0,5 ppm in fishery products for human con-
sumption, 
A closer look at Tables VI to IX shows that T-Hg con-
centrations in large predatory fishet>/ men cloned above are 
much higher than those in smaller fishes, sometimes higher 
by an order of magnitude or more. There is no compelling 
evidence of these high concentrations in large predatory 
fishes due to any pollution. Miller et aj,. (1972) , Matsunaga 
(1976) and Barber et a_l, (1972) analysed museum specimens of 
Sword fish and Tuna collected about 20 - 90 years back, which 
could be taken as the period prior to the onset of intensive 
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oceanic pollution, found similar values of Hg as reported by 
several workers later on and in fact the concentration of Hg 
observed now in marine organisms is almost of the same order. 
The most probable explanation for these higher concentrations 
in larger fish is that an irreversible accumulation of naturally 
occurring mercury takes place in these fishes as a part of the 
food chain and the fact that because these fishes have a high 
metabolic rate and are mobile species they filter large volume 
of water in a very short time, thus extracting Hg through 
bronchi. These reasons, food and branchial extraction, may 
be accounting for lov7er concentrations found in smaller fishes 
as compared to larger fishes based on several analysis of 
various fishes presented here. 
The prey-predator mechanism of Hg acc\amulation is 
supported by several workers e.g. Doi and Ui (1975), Jernelov 
and Lann (1971) , Stoeppler and Numberg (1979) . However, 
Leatherland et al. (1973) analysed naturally occurring 
populations and have doubted this theory to be true in all 
the cases. Low levels of mercury existing in oceanic waters 
and organisms as well as the complexity of the interactions 
in a naturally occurring food web have made firm conclusions 
difficult. It is, however, reasonable to assume that either 
or both of these two modes of accumulation are responsible 
for higher concentrations in larger fishes. 
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The increase of concentration vrith increased size 
is quite logical to assume in so far as mercury has a 
relatively long half life in organisms^ and levels would 
therefore/ be expected to increase with time, if ingestion 
was proceeding at a faster rate than excretion. In natural 
populations and environment where no knovm polluting source 
exists this is the normal course of behaviour of Hg since 
some of it is incorporated in the muscles and the amount 
taken in becomes more than the amount discharged. In the 
present work investigations were carried out to obtain the 
relationship between fish size and elemental concentrations 
in muscle tissues computing correlation coefficients for 
fin fishes both specieswise and as a whole. Though the 
number of samples for specieswise correlatior are rather 
few to give a good estimate of probability certain practical 
difficulties rendered collection of a larger number of 
specimens difficult. However/ enough data are available for 
consideration of all the fin fish together. It may be 
mentioned that specieswise investigation was carried out 
to see the physiological peculiarities of certain species in 
accumulating the metal in question. 
A positive correlation was observed between the 
T-Hg concentrations in muscles and the size of Dolphin fishes 
(Fig, 3,27) , Flying fishes (Fig. 3.28) and all the 
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other fishes combined (Fig, 3,29) , It can be seen that 
the correlation coefficient is quite signilicaiit and corro-
borates the observations by several workers of a positive 
correlation between Hg concentrations and size, age and 
weight of the fishes (Forrester et al., 1972; Gaskin et al»/ 
1972; Topping et al,, 1975; Stoeppler et al., 1979). In 
this study, however, the length and T-Hg concentrations in 
muscles of Tuna did not bear a significant correlation 
(r = 0,34) which could be due to the fact that Tuna fishes 
were collected from areas wide apart frora each other and also 
the male to female ratio of the fishes collected was equal 
and hence, the weight of the fish could have differed thus 
altering the T-Hg concentrations. 
The tragedy of Minamata incident and its subsequent 
recurrence in Japan led to a massive effort by marine 
Scientists as well as environmentalists to look into the 
levels of Hg in various segments of the environment. Since 
the tragedy had occurred after the consumption of fish 
containing high amounts of methyl mercury considerable 
effort was directed towards analysing Hg in fish and shell 
fishes. It will not be any exagerration to state that 
majority of data on pollutant levels in organisms are on 
Hg. 
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While describing the r e s u l t s obtained in analysing 
a \vide var ie ty of marine organisms for the determination of 
T-Hg i t i s worthwhile to compare our values of T-Hg with those 
of other workers obtained in organisms from d i f fe ren t areas 
of the world. The data col lected by the laboratory of 
rad ia t ion and chemical ecology and other l abora tor ies of USSR 
have shown t h a t the average Hg content of f ishes from 
enclosed seas i s higher than those from open ocean f i sh . 
These/ however, do not include. Tuna, sword fish and other 
large predatory f i shes , while the f ish caught in the At lan t i c 
ocean, the Pac i f ic ocean and the North Sea have concentra-
t ions of Hg in the muscles of 0.077/ 0»058 and 0,181 ppm 
respect ive ly / the muscles of fish col lected from the Norwegian 
Sea, the Bal t ic Sea, the Black, Sea, the Sea >f Azor and the 
Caspian Sea have 0,142/ 0.16, 0,2/ 0,22 and 0,275 ppm r e s -
pect ively (Patin 1982) which compare v/ell vjith the r e s u l t s 
obtained in t h i s study. 
Tuna from the At lan t i c Ocean i s reported to have 
Hg concentrations varying from 0,1 - 1,26 ppm (Anon/ 1971), 
Cumont e t aJ,, (1972) reported a cumulative range of Hg in 
Tuna from the At lan t i c / Pac i f ic and the Mediterranean as 
0,1 - 2.5 ppm. Sharks and Sword fish from the At lan t i c 
have been shovTn to contain 0,16 - 0,70 and 0,1 - 4.4 ppm 
respect ively (Beckett and Freemann, 1974). Stoeppler e t a l . 
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(1979) reported Hg concentrations in pelagic organisms from 
the I t a l i a n coast . S t r a i t of Gi'?raltar and the North Sea 
ranging from 0,03 - 1,26 ppm. They have also reported Hg 
values varying from 0,025 - 0,705 in benthic marine organisms 
from bhe same areas , Stoeppler and Nurnberg (1979) also 
reported Hg in f ishes from d i f fe ren t European Seas as 0,025 -
0,246 ppm. The Hg concentrations in the Bal t ic sea f ish 
range from 0,004 - 0,88 ppm with most values below 0,1 ppm 
(ICES, Coop, r e s . r ep . No. 63), Topping e t a l , (1975) 
reported Hg values in fish from the Fi r th of Clyde and the 
North Sea, They observed higher concentrations of Hg in the 
F i r th of Clyde varying from 0,04 - 0,39 ppm than in the North 
Sea which varied from 0,03 - 0,13 ppm. Leatherland and 
Burton (1974) reported Hg in organisms from -:.he Southampton 
and the Solent region ranging from 0,03 - 0,36 ppm in f ishes 
and 0,084 - 0,38 ppm in muscles, Denton and Breck (1981) 
reported Hg in a wide v a r i e t / of fishes and the i r values 
range from 0,06 - 3,41 ppm in sharks, 0,03 - 2,05 in rays , 
0,01 - 0,85 ppm in other f i shes , Stoeppler and Brandt (1979) 
have given values from the Antarct ic Scotia Sea ranging from 
0,005 - 0,01 in K r i l l and f i shes . Doi and Ui (1975) have 
given values ranging from ND - o,21 ppm for a wide var ie ty of 
fishes too . 
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From the Indian Ocean region the reports are 
confined to the Andam.-in Sea (Mcn:isvcta and Siriyong^ 1977) 
consisting of 4 species of fishes where Hg values range 
from 0,06 - 0,48 ppm, Yamanaka et aJL, (1972) reported Hg 
values in Tuna and Sharks of 0.16 - 0.48 and 1,42 - 1,86 ppm 
respectively from an unspecified areas in the Indian Ocean, 
There is another report of Ramamurthy (1979/ as quoted in 
Pathmarajah/ 1982) v;hich gives the ranges of Hg in muscles 
of fishes from the Arabian sea ajid the Bay of Bengal in the 
range of 3,5 - 4.0 ppm. Since no value was found anywhere 
near the minimum level nor there is any report of acute Hg 
pollution, it is felt that this report gives grossly erroneous 
values, presumably due to faulty analytical techniques. Hence, 
this report is not considered in detail here^ However, there 
are some more reports e^g, Somayajulu and Rama (1972) , Tejam 
and Haldar (1975), Ganesan et al, (1980), Zingde and Dcsai 
(1981) V7hich described Hg concentrations m organisms from 
Thana Creek and in and around Bombay region only. These 
values are also towards higher side presumably because of 
heavy industrialization around the area of collection of 
samples by these workers, 
3,5,2, Conclusion 
It is evident from the above that Hg concentrations 
in fishes from different areas of the v/orld vary widely over 
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ranges and levels in different times. In general, the 
values reported in Tables - VT to IX are lovrer than most 
of these other reports. The concentrations in various 
fishes are too low to suggest any possible source of con-
tamination and are indicative of an accumulation of Hg over 
time rather than from a polluting source. There is no 
difference in concentrations of T-Hg in fishes from different 
areas i.e. the Arabian Sea, the Bay of Bengal and the Andaman 
seao T-Hg is quite low in muscles v/hich is the edible 
portion of the fish/ and is much below 0,5 ppm v/hich is the 
recommended maximum value in fish and food products (W. H. 0,, 
F, A„ 0) . In fact most of the publications, to date, have 
reported Hg values lower than 0,5 ppm from various seas and 
oceanic areas. In some areas, however, whi -a are enclosed 
and have minimum or no flushing or dispersion of pollutants 
and are heavily industrialised the situation in terms of Hg 
concentrations in organisms does exceed this limit of 0,5 ppm 
but such areas arc very few and have limited impact or con-
tribution towards the fish and fishery products of the world. 
The W, H, 0, have also established the maximum per-
missible Hg intake of humans as 300 yug/week. In the absence 
of data on average daily consumption of fishery products in 
India, it is not possible to calculate the intake of Hg 
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through marine fishery products for the Indians, This is 
indeed very necGSsary for Bombay area from vhere high con-
centrations of Hg have been reported. However, from no other 
area high concentrations of T~Hg has been reported in fish 
and Shell fish from the Indian coast so far. In fact some 
organisms like crabs, prawns and bivalves were analysed. 
Being sessile or capable of limited migration, these organisms 
are considered ideal pollution indicators« Some of these 
were collected from Goa region from in and aroxond the tv70 
estuaries of the rivers Mandovi and Zuari, These organisms 
did not shov7 elevated' concentrations of T-Hg the range being 
N, D. to 0.09 ppm. 
The concentrations of T-Hg in the edible portion 
of fishes which are economically very important and form a 
sizable portion of the total fish catch are quite low from 
the Arabian sea. Bay of Bengal and Andaman sea and are 
perfectly safe from the food hygiene point of view, 
3 • 5 • 3 , Cadmium . (Cd) 
Relatively high concentrations of Cd v/ere observed 
in all the tissues as compared to Hg, The results from 
different areas are given in Table - VI to IX, The ranges 
of Cd concentrations in muscles of various fishes are given 
in Table-nX while Table XI gives the ranges in different tissues. 
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it can be seen from Tables VI to IX that fishes 
smaller in size ( < 20 cms) have higher concentrations of 
Cd in the muscles than fishes longer in size. While the 
average concentration of Cd in muscles of smaller fishes is 
0.88 ppm (range N, D.- 2,93 ppm), it is 0,41 ppn (range 
N, D,- 2,00 ppm) in larger fishes which is almost half of 
the smaller fishes. This is quite significant if we include 
the data of Cd concentrations in other smaller organisms 
collected near the shore such as crabs, prawns, bivalves etc. 
The ranges of Cd in crab meat was 0,61 - 1,12, prawns 0,2 - 2.56 
and bivalves (clams, mussels and oysters) 1,36 - 1,66 ppm. It 
is thought that the differences in Cd concentrations in muscles 
of small fishes and the larger ones may be due to the differing 
feeding habits. The smaller fishes analysed are generally 
zooplankton grazers, Cd levels being high in zoopla^kton 
could influence these levels in the fishes together with the 
fact that these fishes are confined to the coastal and 
estuarine areas where one would expect higher concentrations 
of these metals dissolved in water as compared to open 
oceanic areas which is the habitat of larger fishes. The 
consistently higher levels of Cd in other organisms, such 
as crab meat, soft parts of bivalves and prawns, also suggest 
the accumulation in tissues by food coupled with higher 
dissolved Cd concentrations. Bivalves being filter feeders. 
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crabs being scavengers and prawns generally being detrital 
feeders make them ideal indicators of environmental quality 
of the region. Another significant observation is the 
differences in Cd levels in muscles of these smaller fishes 
from Port Blair in the Andamans and Panjim in Goa, The 
levels of Cd are higher in the muscles of these fishes 
collected from Goa and some other areas along the Indian 
coastline with an average value of 1,06 ppm while the 
concentrations in the muscles of these fishes collected from 
Portblair jetty showed an average value of 0,2 ppm. This 
probably reflects the two different environments and the 
effect of domestic, industrial and river discharges in these 
areas. 
It also becomes evident from these tables (VI to IX) 
that Cd concentrations are the highest in liver of almost 
all the fishes followed by kidney. The general patcern 
of Cd accumulation is revealed in the various tissues in the 
order Liver > Kidney ;> Gonads"^ Muscles, heart and gills 
where concentrations are almost equal, Patin (1982) suggested 
the accumulation of Cadmium in integumentary and bony 
structures in greater amounts than in other tissues. The 
data presented here, however, does not support this view. 
Topping et al* (1975) analysed tissues of the fish Saithe 
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and found slightly higher values of Cd in liver than in 
kidney and muscles. Brooks and Ramsey (1974) have clearly 
shown that Cd is accumulated in liver more than in any other 
tissue. However, no report is available giving such high 
values of Cd in liver as reported here but then the number 
of such reports are very few and also the differences in 
reported values could arise because of the type and size of 
the fish analysed. The muscle to liver ratio observed from 
the data presented here ranges from 1 : 4 to 1 : 120 and 
tends to increase with size. In the livers of Dolj^in fish 
and Tuna (K, pelamis) the Cd concentrations increase with 
the size of the fish. This is plotted computing correlation 
coefficients and a significant correlation is observed in 
both these fishes between Cd concentrations in liver and the 
size of the fish, (Figs, 3.3 0 and 3.31), 
Another very ±ntcTorji-in(z ob'jr.rvr.tlon which could be 
made in regard to the inter~relationship of Cd concentrations 
in the muscles of fish with its size, in general., agreement 
with the point made earlier of finding higher concentrations 
in smaller fishes as compared to larger ones. The data on 
Cd concentrations in the muscles of flying fishes shows a 
negative correlation, decreasing v/ith size of the fish while 
it is the opposite in the case of Dolphin fishes where the Cd 
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ccncentrations increase with size jn the muscles. These 
are plotted and shown in Figures 3,32 and 3,33 respectively. 
This led to combining the data on Cd concentrations in the 
muscles of the remaining fishes analysed. In doing so it is 
observed that Cd concentrations generally decrease with size 
when all the other fishes are combined, however, the corre-
lation coefficient was not very significant (Y = « 0,32, 
Pig, •3,34). 
It becomes necessary to compare the values of Cd 
in muscles reported in this study with those of other workers 
who have analysed fishes collected from different areas of 
the v;orld. It is observed that the values reported here are 
generally higher than those reported by other workers. Since 
there is no other report available on Cd concentrations in 
fishes from the Indian coast, these results cannot be compared, 
E^tin (1982) summarised results of Cd concentrations in 
muscles of fishes from different ecological group and reported 
0,14 ppm for oceanic and 0,1 ppn for marine and semi-
diadrcmous fishes. He has also reported higher concentrations 
of Cd in bones than in muscles. Patin et al, (1974) reported 
mean concentrations of 0,3 ppm Cd in commercial fishes from 
the Caspian sea, Stoeppler and Nurnberg (1979) reported Cd 
concentrations varying fran 0,133 - 0,421 ppm in the muscles 
of teleosts from the European seas. They also reported higher 
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concentrations in liver than in muscles. There are several 
reports of Cd in various marine organisms from the British 
waters e«g. Topping (1973 a) Lcatherland and Burton (1974) 
reported values of 0,03 ppm and 0,006 ppm respectively in 
the muscles of fishes which are much below the values reported 
in this study. Topping (1973, b) reported values of Cd in 
the range of 0,03 - 2,0 in the shell fish collected from 
Scottish waters which agree very well with the values 
reported in this study. Topping et al, (1975) reported Cd 
concentrations in Saithe muscles in the range of < 0,01-0,28 
in smaller fishes and 0,01 - 0,04 in larger fish from the 
Firth of Clyde and 0,02 ppn in small and 4. 0,01 - 0,04 ppm in 
large fish from the North sea. This observation too supports 
the data presented in this suudy of higher concentration of Cd 
in muscles of smaller fish as compared to large fish. Brooks 
and Rumsey (1974) reported 0,002 to 0,02 ppm Cd in the muscles 
and upto 24,7 ppm Cd in liver of various fishes from New 
Zealand waters. They also reported values of Cd in gills 
0,1 - 0,5 ppm, gonad 0,1 - 0,2 ppm, heart 0,1 - 0*3 ppm and 
kidney 0,1 - 5,4 ppm. These values also agree well with the 
values reported in this study though on the lower side. This 
difference could be because of the type and size of the fish 
analysed, Talbot et al, (1976) reported Cd concentrations 
in the soft parts of mussels collected from Port Phillip Bay 
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in Australia, in the range of 6,1 - 62,4 ppn suggesting the 
heavy load of Cd due to pollution, Stocppler and Brandt 
(1979) reported values ranging from 0,036 - 0,066 pjm in 
Krill meat and 0,003 ppm in fish fillet from the Antarctic 
Scotia sea, Eisler (1981) have compiled data on Cd concen-
trations in various tissues of fishes from different areas 
of the world. The values given here by several workers range 
from 0,002 - 2,0 ppm in the muscles and 0,1 - 30,0 ppm in 
the liver, 
It becomes evident that a wide ranging data are 
available on Cd concentrations in tissues of fishes and other 
marine organisms. The differences in the concentrations 
reported in this study with those of several other \7orkers 
reported earlier may be due to the dijlfer-ncos in species 
of fish analysed, size, area of the catch and analytical 
techniques used, 
3,5,4, Conclusion 
Several interesting observations have come to light 
from the present data. The most peculiar observations of 
finding lower concentrations of Cd in muscles against the 
size and higher concentrations in liver against size suggests 
the behaviour of Cd in marine organisms. Smaller fishes feeding 
largely on zooplankton show higher Cd levels in muscles 
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suggesting a possible tv;o level food chain magnification of 
Cd i.e, water-zooplankton-smallcr fishes, vmlch reverses 
after this and hence, lower levels are found in the muscles 
of larger fishes. However Cd gets incorporated in liver of 
these fishes as are also evidenced from the experimental 
studies in the preceding chapters. It also reflects the 
time bound accumulation of Cd in various tissues of the 
fishes suggesting a localised incorporation. 
Reviewing these levels of Cd in muscles of various 
fishes it becomes necessary to point out that maximum 
permissible concentrations of Cd in food products, including 
marine food in various countries range from 2 - 1 0 ppm (VJHO) , 
It is clearly seen from the Tables VI to IX that Cd con-
centrations in the edible portion of the fish ioC, muscles, 
arc lower than the prescribed limits except in very few cases 
and bear no threat to human health as of nov;. The concen-
trations of Cd are very high in liver and kidney, which are 
not consumed as food, and even if consumed, they form such 
a small part of the total fish meal that in totality no 
hazard v/ould arise. Only if these organs by themselves are 
exploited for commercial use, like in the shark and cod liver 
industry, will there be a cause of concern. 
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As was mentioned earlier due to the total paucity 
of data on Cd concentrations in marine organisms from the 
Indian waters it is very difficult to justify and compare 
the values. On comparison with the values of Cd reported 
from different areas of the world it is observed that while 
in most of the cases the values reported here are in good 
agreement with the values reported by others, they are 
generally towards the higher side. This could be due to 
so many reasons mentioned earlier. However, viewing the 
data in totality there does not seem to be any cause of 
concern from the point of viev; of environmental health and 
food hygiene. The elevated levels in liver suggest the 
presence and availability of Cd in the Indian environment 
and hence^ monitoring of Cd in the various s'gments of marine 
environment around India is necessary. 
3o5.5. Lead (gb) 
The concentrations of Pb in the muscles of fish 
are similar to Cd, Generally speaking the concentrations 
of Pb in the muscles of smaller fish are higher than those 
of larger fish. However, because of the limitations in the 
data no comparison could be made between small and large 
fish» The concentrations of Pb in the muscles are generally 
below 1,0 ppn in most of the fishes. However, occasionally 
-118-
high concentrations of upto 6,02 ppm are observed in sharks. 
The muscles of flyinc fish also r,ho\/ .:levatc-d levels of Fb 
in the range of 1,08 - 5,76 ppm. The range in sharks in 
^ 1 - 6,02 ppm in the muscles. This seems to be a peculiarity 
for sharks and flying fishes as far as Fb concentrations are 
concerned. Though muscles of flying fishes do shov/ elevated 
concentrations of Cd, no other element shows elevated levels 
in the muscles of shark and this seems to be a physiological 
peculiarity. In the prawns and bivalves also the concen-
trations of Pb do not shov7 elevated levels but are of the 
same order as in the muscles of the fishes. The crab meat 
however/ showed a range of-Cl.O - 7,88 ppm Pb depending 
on the season. The crabs v/ere collected from the period of 
December 1980 to June 1981, v.aile the crab r^ v^ at collected in 
December 1980 had Pb concentrations of less than 1,0 ppm, the 
levels reached a peak of 7,88 ppm in March and April 1981 
decreasing thereafter to less than 1,0 ppm in June 1981, 
No reason can be assigned to this due to the non-availability 
of Pb data in sea water from the area. 
There also seems to be no difference in Pb concen-
trations in muscles of small fishes from the Goa region and 
Port Blair in the Andamans. Most of them had levels less 
than 1,0 ppm of Pb (Table VIII and IX) , It must be pointed 
out that in very small fishes, such as megalopa (crab), 
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Sucker fish^ Myctophid, flying fish and Silver bellies, 
where dissecting a particular cissue was aiificult ana hence, 
the whole organism was analysed high concentrations were 
observed. This is because of higher concentrations of Pb 
observed in tissues other than muscles in laxger fishes as 
will be discussed now. 
The common site of Pb accumulation is believed to 
be the bony structures and the integumentary parts as 
evidenced by a wide variety ol data on Pb by other ^^ 7orkcrs, 
In this study too, though no integumentary part like skin 
was analysed the tissue to tissue variation of Pb follows a 
different pattern. Generally kidney > liver > Gills y Heart 
and gon^ -ds ^  muscles. This is different fr'~>m Hg and Cd, 
These concentrations of Pb in different tissues of fishes 
do not show any pattern and are scattered., This is confirmed 
by plotting thr^  concentration^ of 'P''^  i-r^ -^ifferont tissues 
against the size of the fish which did not show any rela-
tionship, Pb concentrations in the muscles of flying fishes 
of different sizes taken as a whole also gives a scatter 
plot which is not reproduced here. 
The values reported in Tables VI to IX are in good 
agreement v/ith the values reported by other workers in 
fishes from different marine areas. It becomes necessary 
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to summarize a fev7 of the values here in consideration of the 
areas from where tne organisms were collected, Patin (1982; 
reported 0.6 ppm in oceanic and 1.2 ppm in marine and semi-
diadromous fish muscles, Fatin (1982) also reported values, 
in different tissues of fishes from the Atlantic ocean and 
its adjacent seas, and confirmed the finding of the lowest 
concentrations of Fb in muscles (0,64) as compared to fins. 
(8,3 6 ppm) and gills (3.19 ppm) , He also reported range of 
values in muscles of the fishes from different marine areas 
as 0,18 ppm - 1,71 ppm. Barring a few high values, the data 
presented here is in good agreement v/ith these values^ 
Several other reports detail the Pb concentrations 
in marine organisms from different oceanic a^eas and have 
been compiled by Eisler (1982) in an extensive work, Greig 
et al, (1976) observed Pb concentrations of C 1.0 ppm in 
fish and crabs in the '^iclrity of •-"' "^^ ep '.vator dump site 
in mid Atlantic Bight, Stoeppler and Numberg (1979) reported 
average values of 1,12 ppm in mussels and 0,01 ppm in fdllet 
of a wide variety of fish from the coast of Italy, Hall 
et al, (1978) reported a range of 0,1 - 3.0 ppm of Fb in 
muscleS/^ 0,1 - 3,0 ppm in liver of fish from the U, S. 
coast. Brooks and Rumsey (1974) reported Fb concentrations 
in various tissues of fish from the New Zealand Coast 
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as 0,2 - 4,0 ppm in gills, 0,3 - 2,6 ppm in gonads, 0,3 -
0,7 ppm in heart/ 0,3 - 2,4 ppm in kidney, 0^3 - 3,0 in liver 
and 0,16 - 0,87 ppm in the muscles vzhich are in very good 
agreement v/ith the values reported in this work, 
Holden and Topping (1972) reported values of 0,5 - 1,0 ppm 
in fishes from Forth and Tay estuaries, while Portmann (1972) 
reported 0,54 ppm of Fb in the musclo of Plaice from the 
coastal waters of England and Wales, Topping (1973 a, b) gave 
values of Pb varying from 0,2 - 1,2 in fishes and 0,1 - 5,5 ppm 
in shell fish from Scottish waters which are towards the 
higher side and indicate local environmental levels, Pb 
cone titrations in muscles of fish from some other areas 
indicate a maximum of 2,8 ppm from vVest Norway coast (Stenner 
and Nickless, 1974), Gulf of Bothnia in Finland a range of 
0,03 - 0,25 ppm (Miettinen and Vesta, 1978) 1,4 ppm from Rio 
Tinto estuary in Spain (Stenner and Hickless, 1975) , 0,21 -
0,32 ppm from Malaysian waters (Babji et a]^,, 1977), 0,35 -
0,57 from Australian waters (Plaskett and Potter, 1979) and 
0,05 - 0,15 ppm from Antarctic Scotia Sea (Stoeppler and 
Brandt, 1979) , 
Chow .et a^, '(1974) reported Pb values of 0.0002 ppm 
in the muscles of Tuna and suggested that most of the values 
of Pb reported by other vjorkors are elevated due to excessive 
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contamination during analysis. This may be partly true, as 
far as differences in the values of Fb concentrations are 
concerned, however, it is felt that differences in areas of 
catch as well as the organisms and tissues analysed may bo 
the reason behind the varied results reported from different 
parts of the world. As is evident from the results reported 
in this study and of other workers a v/ide variation occurs 
in the values of Pb reported, hov/ever, on closer scrutiny in the 
muscles of most of the fishes analysed the values are in the 
range of 0,03 - 2,8 ppm vzith maximum values lying in the 
range of 0.03 - 0,87 ppm ( -C 1,0 ppm) which is significant. 
Some abnormally high values of t-b could be attributed to 
contamination while sampling or analysis or even to the areas 
of collection of the samples, Henccy to co. sider these values 
as being influenced by excessive analytical contamination may 
be farfetched, 
3,5,6, ppncluslons 
It is seen that Fb generally occurs at the level 
of less than 1,0 ppm in muscles of various tissues analysed, 
but is found higher in other tissues. The values though as 
the higher side agree quite well with those of other workers. 
The maximum permissible concentrations of Pb in food products. 
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includinc; those of marine products in various countries 
vary between 2 and 10 ppm (VJHO) ^  It is evident that on an 
average these concentrations are not reached in the edible 
portion of the fishes (Tables VI to IX) , Here again/ as in 
Cdf certain tissues of fishes, though forming a small 
percentage in terms of the whole fish meal, have high con-
centrations of Pb and their exploitation, individually, vyhich 
is quite difficult, by the industry may be a cause of concern 
from the environmental health point of view. 
It is widely felt that the common site of Fb accu-
mulation is in the integumentary and bony structures where 
it is believed to replace calcium, and hence a wide variety 
of reports support this theory. The present study also 
supports it in finding higher concentrations in gills than 
many other tissues, hov/ever, higher concentrations than 
gills are observed in kidney and liver too. It is also 
seen that v;hen fish as a whole is analysed, like in the 
case of certain very small fishes, a high concentration of 
Pb was observed which supports this hypothesis, Hov/ever, 
due to certain practical difficulties the tissues such as, 
skin, fins, and bones could not be analysed to confirm this 
further. 
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3,5,7. Inter, elemen^t r.elatipnship 
Several s;;i'nergistic activities of elements have been 
observed and suggested vrith other elements and micro-
nutrients by forming complexes or replacing another clement 
on active sites of complexation e.g, Pb is Icnown to replace 
calcium in bony tissues, Cd and Zn show a positive correlation 
as far as accumulation patterns are concerned due to their 
association and transfer through metalloproteins (metallo-
thion<aLnc) and have been suggested by Laws, (1981) « Mackay 
et a]., (1975) found highly significant correlation betv/een 
Hg and Se in muscles of fish. 
An effort v/as made to correlate the interrelationships 
of Hg, Cd and Fb in various tissues of fishes. While a 
positive correlation v;as observed betv/een Hg and Cd in the 
muscles of Dolphin fishes and Fb and Cd in the muscles of 
flying fishes and are given in Figures 3,36 and 3.37 
respectively, no other correlation could be obtained either 
between tissues or betv/een Hg, Cd and Fb. It is felt that 
due to the limitations in expressing the values of Fb as 
less than 1,0 ppm no definite value of Fb could be plotted 
and hence, no other correlations could be obtained but 
indications are that some of these elements may have similar 
accumulation processes in particular tissues and also their 
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mocle of biomagnification. It may bo pointed out that, so far 
no correlation has been observer"', bct'/ron Ilg, Cc' and Pb in 
organisms by any worker and the correlations observed in 
this study need to be further substantiated with additional 
data and hence, no reason has been assigned to these. It is 
also ,^/orth pointing out that based on the reports of Cd and 
Zn interrelationship an effort v/as also made to derive a 
correlation between these tv/o elements in the various tissues 
of fishes analysed from the Andaman Sea only as Zn analysis 
was later discontinued does not fall in the purview of the 
present investigation. No significant correlation was 
observed in any of the tissues for those two elements and honcc/ 
is not presented here. 
• - ^ • 
^-rj<e 
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TABLE - VI 
Arabiain Sea 
Hg, Cd and Pb in d i f f e r e n t t i s s u e s of f i she s (ppm v/et wciciht) 
S.No. 
1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Fish Sampled Wt.in 
(Species name) 
2 
Small crabs 
(Mega-lopa) 
Phylosoma 
3 a 
Pilot fishes 
(Naucrates ductor) 
-do^^-
-do -
-do -
-do -
^ 3a 
-do -
-, 3a 
—do -
Sucker fish 
(Remora remora) 
Blovjfish 
(Arothron 
niqropunctatus) 
Plying fish 
(Cypselurus comatus) 
^ 3a 
-do -
, 3a 
-do -
^ 3a 
-do -
Perch 
(unidentified) 
^ 2a 
-do -
Perch (unidentified) 
kg 
3 
^ 
-
-
-
-
-
-
-
-
-
**" 
-
-
-
— 
2.4 
3.7 
3.5 
Len-
It' 
cm. 
4 
-
-
16 
18 
18 
21 
23 
27 
30 
-
mm 
5.5 
8 
10 
13 
64 
75 
65 
Tissue 
analy-
sed 
5 
Whole 
II 
M 
M 
M 
M 
M 
M 
M 
Whole 
M 
i-i 
M 
M 
M 
M 
L 
M 
L 
M 
L 
Hg 
6 
0.009 
N.D 
N.D 
IJ.D 
N.D 
N„D 
N.D 
0.01 
0.014 
J. 007 
N.D 
0,001 
0.001 
0.001 
0.004 
0.04 
N.D 
0.04 
N„D 
0.11 
N.D 
Cd 
3.26 
0.30 
0,74 
0.64 
0.83 
0.46 
N.D 
0.78 
0.25 
2,28 
2.14 
0,43 
0.20 
0,24 
0.19 
NoD 
42.44 
N.D 
43,04 
0.12 
87.28 
Pb 
8 
8.30 
2.72 
2,95 
1.11 
1.31 
<:i,o 
1.97 
1.47 
<1.0 
2.25 
1.72 
1.56 
1.38 
1.28 
1^42 
<J1.0 
15.02 
<1.C 
17«62 
3.31 
3.43 
Stn. 
No. 
9 
1 
2 
3 
3 
3 
3 
3 
3 
4 
4 
5 
5 
5 
5 
6 
6 
6 
1 
19 
20 
2 1 
S e e r f i s h t y p e 
( U n i d e n t i f i e d ) 
S e a r f i s h 
(A can t h o c y b i um 
so landr i" ) 
—do-
22 
23 
24 
25 
26 
27 
-do-
-do-
Dolphin fish 2' 
(Coryphaena 
hippurus) 
, 2a 
- d o -
, 3a 
- d o -
- d o 3 a 
- 1 2 7 -
TABLE - VI ( C o n t d J 
8 
2.75 80 
3 , 0 81 
4 , 5 90 
8 .0 105 
9 .5 112 
1.25 63 
1,35 66 
1.6 64 
1.7 70 
M 0 .046 
L N.D 
K 0 , 0 0 7 
M 
L 
T 
M 
L 
O 
M 
L 
0 
M 
L 
O 
M 
L 
0 
K 
M 
L 
T 
K 
M 
L 
0 . 1 0 1 
N.D 
N.D 
0 . 0 9 
N.D 
N.D 
0 . 1 5 1 
0 . 2 
N.D 
0 . 1 8 4 
N.D 
N.D 
0 .013 
N.D 
0 . 0 1 6 
0 ,002 
0 . 0 4 6 
N.D 
0 . 0 0 8 
0 .004 
0.02 
N.D 
K 0.009 
M 0,017 
L N.D 
K 0.005 
0.18 
25.5 
15.09 
0,25 
21.19 
1.20 
0.25 
28.17 
0.75 
0.31 
29.07 
0,82 
0.66 
37.38 
0.76 
N.D 
14.82 
0.16 
5.18 
0.18 
17.39 
0,21 
11.74 
0.17 
28.17 
12.67 
0.45 
28,45 
4.05 
1.98 
<:i.o 
10.59 
<1.0 
2.21 
< 1.0 
< 1.0 
2.11 
< 1.0 
< 1,0 
2.89 
< 1.0 
< 1.0 
2.64 
< 1.0 
< 1.0 
2.58 
1.78 
< 1.0 
< 1.0 
2,53 
< 1.0 
3.46 
1.41 
2.36 
< 1.0 
< 1.0 
1.42 
3.89 
8 
19 
11 
12 
13 
14 
15 
Contd, 
1 
28 
29 
30 
31 
32 
33 
34 
35 
TABLE"VI 
2 
Dolphin fish 
(Corvphaena 
hlppurus) 
Spotted Spanish 
mackeral 
(Indocybium 
quttatum 
Tuna/Yellow fin 
(Neothunus 
macropterus) 
2a 
Blue fin Tuna 
(Kishinoella 
tonqqol) 
T 3a 
-do -
. 2a 
—ao 
^ 2a 
-do -
3a 
Tuna/ Skipjack 
(Katsuwonus pelamis) 
3 
42 
1.2 
2.2 
1.5-
1.6 
2«0 
2.5 
2.75 
1,0 
l<iO— 
(Contd.) 
4 
102 
49 
42 
45 
50 
65 
67 
41 
— " — — — 
5 
M 
L 
T 
G 
M 
L 
K 
M 
L 
K 
M 
L 
K 
M 
L 
K 
U 
L 
K 
M 
L 
K 
M 
L 
0 
K 
6 
0,04 
0.016 
0.01 
0.01 
0.007 
N.D 
N.D 
0.016 
N.D 
N.D 
0.014 
N.D 
0.02 
0. 016 
N.D 
0.009 
0,0^ : 
N.D 
0.012 
0.04 
N.D 
0,015 
0.004 
N.D 
0.012 
N„D 
7 8 
0,16 1.32 
39.46 1.63 
0.68 0,79 
0,50 5.38 
N.D <;1,0 
16.33 67.11 
12.59 69.46 
0.37 <il.0 
22,16 7,28 
18.22 2.49 
N.D <!l.0 
10.75 1.06 
3,14 5.93 
N.D <!l,0 
11.25 1.22 
3.11 3.48 
0.31 < 1.0 
16,25 1«67 
2,89 6.62 
0,61 < 1.0 
23.18 2,73 
4.21 6.63 
N.D < 1,0 
11.08 4,35 
8.06 4.76 
2.17<i 1.0 
9 
16 
17 
18 
19 
19 
19 
2f 
21 
t 
- 1 2 9 -
^*^"4 ' 5 ^ 7 8" 
2a. 
Tuna, S k i p j a c k 1,65 48 
(Katsuwonus pelami^s) 
- d o - ^ 2 , 3 53 
-do-^^- 2 , 6 53 
- d o ^ ^ - 2 . 6 57 
- d o - 3 , 5 5 6 
- d o - 6 ,0 64 
- d o ^ ^ - 0 . 6 27 
- d o - 3 . 2 56 
M 
L 
K 
M 
L 
K 
M 
L 
K 
M 
L 
K 
M 
L 
T 
G 
M 
L 
0 
G 
M 
(Red) 
M 
(b lack) 
L 
T 
K 
M 
L 
T 
0 . 0 2 6 
N.D 
N.D 
0 .012 
N.D 
N.D 
0 .012 
N.D 
0 .006 
0 . 0 3 4 
N.D 
0 . 0 0 6 
0 .03 
0. 01 
0 ,005 
0 , 0 0 8 
0 , 0 3 8 
0 . 0 1 
0 .004 
0 , 0 1 
0 . 0 1 
0 .024 
N.D 
0.012 
0 .03 
0 . 1 6 
N.D 
N.D 
N.D 
1 8 . 1 6 
6 .93 
0 .93 
2 2 . 1 6 
17 .35 
0 .12 
2 0 . 6 1 
6 ,45 
N.D 
12 .74 
1 0 . 8 4 
0 .05 
28 .05 
0 . 2 8 
0 .45 
0 .13 
<11.0 
< 1 . 0 
1,68 
< 1 . 0 
1,63 
4 .83 
2 .63 
2 . 4 9 
3 .43 
2 ,36 
1 1 . 0 6 
24 .63 
< 1 . 0 
1.58 
1 . 0 
2 .92 
< 1 . 0 
3 7 . 4 0 < i l . 0 
0 , 1 4 
0 . 7 6 
0 , 9 
1,94 
13 . 68 
N.D 
1.05 
3 ,20 
< 1.0 
3 . 7 
< 1 . 0 
1.65 
1 1 . 2 5 < ; l . 0 
NoD 
2 7 . 0 8 
0 , 1 9 
< i . c 
1,88 
< 1.0 
22 
I n b e t -
ween 
S t n , 3 Ci 
4 
23 
24 
25 
26 
27 
28 
- 1 3 0 -
8 
44 S h a r k e l l i o t s g r e y 45 90 M 0 .022 0 , 5 5 2 , 7 6 
(Eulamia e l l i o t i ) L N.D 3 .40 <3l,0 29 
45 - d o - 65 172 M 0 .2 0 . 1 7 1,02 
L 0 ,05 3 , 4 1 <j 1,0 
30 
3 - Composite sample of 3 fishes, 
M - Muscle 
L - Liver 
G - Gills 
0 - Ovaries 
T - Testes 
K - Kidney 
K.D- Not detectable 
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TABLE - VII 
Coastal Bay of Bengal 
Hg, Cd and Fb in different tissues of fishes (ppm wet weight) 
S.No. Fish samples 
(Species »ame) 
1 Myctophid 
2 -do-
3 Small crabs 
(megalopa) 
4 Flying fish 
(Gyselurus 
comatus) 
5 -do -
6 —do-
2a 
Wt. in Len-
Kg gth 
in 
0.025 
0,040 
3.0 
4.5 
2.0 g 3.5 
0*54 18.5 
Tissue 
analy-
sed. 
whole 
whole 
Whole 
Hg Cd 
1.5 g 2,5 whole 
whole 
M 
L 
0 
Pb 
'x: 
0.06 1.46 1,23 
0.06 1.82 1.49 
0.01 2.09 5.32 
N.D 2.93 5.76 
0,011 2.83 4.06 
0.074 0.65 2,03 
N.D 6.08 3.49 
N.D 0.70 <1.0 
Stn, 
No. 
3„ 
31 
32 
33 
34 
35 
36 
Grunter 
Theroponidae (unidentified) 
0,35 30 M 
L 
K 
0 
0 . 2 4 N.D 2 ,72 
N.D 1 4 . 2 4 1,18 
0 , 0 2 2 3 6 , 6 9 1.38 
0 , 0 1 0 , 3 8 4 . 2 4 
37 
8 T a l a n g , 
L e a t h e r s k i n 
(Chorenemus lysaJi) 
5 .0 87 M 
L 
K 
T 
0 . 3 6 N.D <!1.0 
N,D 7 . 8 7 < J 1 . 0 
0 , 0 4 3 , 2 4 1,56 
0 . 0 2 1 6 ,93 2 . 5 8 
38 
^ e e r f i s h 
(Ac^airfchocybi uin 
solandrTj 
2 . 8 85 M 
L 
0 
0 . 1 1 0 ,42 < 1 . 0 
N.D 8 ,42 1,32 
N.D 0 . 5 4 < 1 , 0 
3 9 
Contd . 
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TABLE ~ Vll(Contd) 
10 Dolphin fish 4^ 1.0 56 
(Coryphaena 
hippurus) 
11 -do- 1.4 63 
12 Dolphin fish 4^ 2.6 75 
(Coryphaena 
hippurus) 
13 -do- 3.0 88 
14 -do- 8,5 128 
15 Macke re l Txjna 2 0 , 8 5 45 
(Suthynnus 
a f f i n i s ) 
16 - d o 3 ^ - 1,2 64 
"5 
M 
L 
0 
M 
L 
0 
M 
L 
K 
T 
M 
L 
K 
M 
L 
0 
M 
L 
H 
G 
K 
0 
M 
L 
K 
T 
0 
'6 
0 .072 
N.D 
N.D 
0 , 1 4 
N.D 
N.D 
0 . 1 1 
N.D 
N.D 
0 . 0 0 9 
0 . 1 4 
N.D 
N.D 
0 , 1 4 
N.D 
N.D 
0 ,13 
N.D 
0 . 0 2 6 
0 , 0 0 8 
0 ,015 
0 ,02 
0 . 1 1 
N.D 
N.D 
N.D 
N.D 
7 8 
0 , 3 8 <1.0 
7 . 1 4 1,21 
0 ,13 < 1 . 0 
0 ,52 <J 1.0 
9 ,22 3 .10 
0 , 3 1 < 1 . 0 
1.19<! 1,0 
12 ,22 3 . 0 1 
0 . 3 8 6 1 . 4 5 
1 , 7 1 < 1 . 0 
1,21 2 .72 
14 ,24 1,18 
3 6 , 6 9 1,38 
1 , 3 1 < 1,0 
1 8 , 2 1 2 . 1 1 
0 . 3 6 < 1.0 
0 . 75 < 1 , 0 
1 4 . 8 1 < 1,0 
N.D < 1 . 0 
0 ,42 1,86 
4 . 7 4 < 1,0 
1 , 7 2 < 1.0 
0 . 4 7 < 1,0 
1 3 . 5 8 3 .93 
1 .57< 1.0 
0 ,65 2 , 4 8 
2 ,00 4 . 6 7 
8 
40 
4 1 
42 
43 
44 
45 
46 
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TABLE VII (Contd.) 
17 Blue fin Tuna 2,0 5 6 
(Kishinoella 
tonqgol) 
18 -do- 3,0 64 
19 S k i p j a c k Tuna 1.0 42 
(Kat-suwonus 
pel .amisl 
20 - d o - 1.4 46 
21 - d o - 3 . 0 58 
22 - d o ^ ^ - 2 , 5 59 
8 
M 
L 
0 
M 
L 
H 
G 
K 
T 
G3 
M 
L 
0 
K 
M 
L 
K 
T 
M 
L 
K 
T 
M 
L 
K 
0 .12 
N.D 
N.D 
0 . 1 4 
N.D 
0 ,02 
0 ,023 
0 . 0 0 6 
0 , 0 2 6 
0 ,02 
0 . 0 4 
N,D 
0 . 0 0 5 
0 .03 1 
0 . 0 2 8 
N.D 
N.D 
0 , 0 0 4 
0 , 1 6 
N.D 
N.D 
N.D 
0 ,043 
N.D 
0 . 0 0 6 
' 
N.D <:i .O 
8 , 3 1 3 , 2 7 
0 . 2 1 < 1,0 
N.D <J1,0 
1 0 , 4 8 4 . 6 6 
0 ,42 < 1 ,0 
0 , 6 8 3 . 8 6 
1,35 < : i , 0 
1,34 <! 1.0 
0 ,94 <i 1,0 
2 . 0 0 <: 1,0 
8 ,53 1 .29 
N;,D < 1,0 
1,66<1 1.0 
0 , 0 9 < 1.0 
15 ,43 7 . 8 6 
4 .32 1.0 
2 . 6 8 2 . 6 4 
0,23<j 1.0 
1 9 . 1 9 1 1 , 2 1 
4.89<; 1.0 
1 ,98 2 , 8 7 
N.D 2 . 3 6 
1 2 . 7 4 1 1 . 0 6 
10 ,87 24 .63 
47 
45 
48 
4 9 
5 f 
33 
- 1 3 4 -
TABLE V I I (Contd . ) 
1 
13 
14 
2 3 4 
Hammer headed 52 74 
shark 
(Sphyrna blochii) 
Elliots grey 48 101 
shark 
(Eulamia 
a 
M 
L 
G 
0 
T 
K 
N. 
G, 
elliotdl) 
- Composite sample 
- Muscles 
- Liver 
- Gills 
- Ovaries 
- Testes 
- Kidney 
,D- Not-detectable. 
,B- Gall bladder 
5 
M 
L 
0 
M 
L 
T 
of number 
6 
0,21 
N.D 
N.D 
0.19 
N.D 
N.D 
of fi 
7 8 
0.63 <1.0 
13,24 2,89 
0,93 <:l,0 
0,31 <1.0 
4,29 8.42 
0,76 <1.0 
•shes given 
9 
51 
52 
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TABLE VI I I 
Andam.an Sea 
Hg, Cd aaid Pb in d i f f e r e n t t i s s u e s of f i s h e s (ppm wot weight) 
S.No. 
1 
1 
2* 
3* 
Fish samples 
(Species name) 
2 
Deep sea prawn 
(unidentified) 
Perch trumpeter 
(P elates 
cruadrilineatus) 
Perch 
(unidentified) 
Wt, in 
Kg 
3 
-
• 
-
Len-
gth 
in 
cm 
4 
2,5 
11 
9 
Tissue 
analy-
sed 
5 
M 
M 
M 
Hg 
6 
0,009 
0.026 
0.10 
Cd Pb Stn.No. 
7 8 9 
3.24 3.66 54 
0,08 <!l^0 Portblair 
fisheries 
j ctty. 
N.D <1,0 " 
4* Japanese t h r e a d f i n -
bream 
(Nemipterus 
4 ,5 M 0.06 0.08 < 1 . 0 
5* 
6* 
7* 
8* 
9* 
10* 
11 
12 
13 
iaponicus) 
Bony Jewfish -
(Johnius osseus) 
Jewfish -
(Unidentified) 
Mackarel ^ -
(Rastrelliqer 
kanaqurta) 
Squid 
(Lolliqo lolligo) 
Sardines ^^ 0.3 
(Sardinella 
longiceps) 
-do-"^^ 0,85 
Polot fish 
Sucker fish -
Myctophid 
7.0 
7.5 
9,0 
7,0 
12 
26 
6.5 
2.5 
1.5 
M 
M 
M 
M 
M 
M 
M 
whole 
whole 
0.006 0 .42< 1.0 
0.007 0,19 1.14 
0,01 0,22 <; 1.0 
0.006 N.D 1.25 55 
N.D N.D < 1.0 P o r t b l a i r 
j e t t y . 
0.012 0.24<i 1.0 
0.02 0.13 1.73 56 
0.72 2.38 57 
0.006 0.32 2.52 58 
Contd 
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TABLE VII I (Contd.) 
8 
14 Juven i l e dolphin 0,35 15 
f i sh 
(Cpryphaen a 
h ippurus l 
M 
15 
16 
1 7 * 
1 8 * 
19 
- d o - 0 .50 
- d o - 1.00 
- d o - ( a d u l t ) 2 .0 
- d o - 2 ,2 
- d o - 3 ,5 
19 
29 
45 
49 
54 
M 
H 
M 
L 
G 
M 
L 
M 
L 
H 
20* Malabar trevally 1,8 34 
(Caranqoides 
malabaricus) 
M 
0.015 0.10 2.95 59 
0.03 0,23 3,43 59 
0,01 0,03 2,14 59 
0,04 0,34 <1,0 60 
0,02 0,25 <1,0 
0,014 0,16 2,65 
0.032 N.D <1,0 
0.042 2,65 <;1.0 
0.01 0.95 2,09 
0,01 3.48 1.39 
0.51 1,71 
0.010 N.D <;l,0 
60 
2 1 * 
2 2 * 
23 
24 
- d o -
- d o -
2a 
Y e l l o w j i n t u n a 
(Neothionnus 
in§-£?opjterus) 
- d o -
2 . 2 
2 . 8 
1 . 6 
2 . 2 
4 4 -
45 
5 4 -
60 
37 
4 2 -
46 
M 
M 
L 
G 
M 
L 
H 
M 
L 
H 
0 . 0 6 
0 . 0 8 
N.D 
0 .03 
0 .04 
N.D 
0 ,016 
0 ,023 
0 .003 
0 .007 
0 . 5 7 < 1 . 0 
0 . 5 < ; l , 0 
4 0 . 7 5 1.2 
0 , 1 1 2 , 1 6 
0 , 2 9 < 1,0 
7 ,38 1,22 
0 , 0 4 < 1,0 
0 , 1 4 3 ,3 
1 6 , 7 4 2 ,63 
0 . 9 9 2 .84 
62 
63 
64 
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TABLE VIII (Contd.) 
1 
25* Barracuda 
(Sphyraena 
picuda) 
2a 
-do -
4.5 86 
6,5 110 
M 
L 
G 
M 
L 
G 
0.062 0.28 <i 1,0 
0.008 3,75 <; 1,0 65 
0.034 0,33 6.96 
0,072 N.D <il,0 
0.009 5 , 3 1 < 1 , 0 66 
0,014 N.D 1.98 
27 -do- 3.0 65 PI 0.20 0,15 <^  1.0 67 
L N.D 2,43 < 1,0 
H 0.08 0,37 3.08 
28 * Giant sea pike 19,6 
.^^ E^yjcaena. jelJL^) 
125 M 0,11 N.D 1,46 
L 0.012 3,48 1.22 68 
G N.D 0,32 3,13 
29 Treval ly 2a 
(unidentif ied) 
30 Seer f ish 
(Acanthocybium 
solandri) 
3 ,2 64 
10,5 129 
M 0.03 0,62 <; 1,0 
L N.D 62,63 4,42 62 
H 0,02 1,91 1.82 
O N.D 0,76 1.0 
M 0.89 0.43 1,5 
L N.D 2.9 1.2 63 
H 0,017 0,03 3,44 
31* Grey dog shark 1,6 48 
(Scolipdpn 
palasorrah) 
32* E l l i o t s grey 6.5 60 
shark 
(Eulamia e l l i o t i ) 
M 
L 
M 
G 
0.036 0,31< 1.0 Portblair 
fisheries 
jetty. N.D 
0.1 N.D 1.9 
N.D 0,27<1.0 69 
Contd, 
- 1 3 8 -
TABLE V I I I (Contd . ) 
8 
33 E l l i o t s g r e y 
s h a r k 1 7 . 0 107 M 
(Eulainia e l l i o t i ) ^ N.D 1 3 . 8 1 8 .74 70 
H 
3 4 - d o - 6 7 . 0 188 M 
L N.D 1 8 . 4 4 2 , 2 3 57 
H 
3 5 - d o - 7 8 . 0 200 M 
L 
3 6 
37 
3 8 
39 
40 
41 
4 2 * 
4 3 * 
4 4 * 
F l y i n g f i s h e s 
( C y p s e l u r u s 
pprnajtus) 
- d o -
- d o -
- d o -
- d o -
- d o -
Tuna s k i p j a c k 
( K a t s u w o n o u s 
p e l a m i s 
- d o -
- d o -
0 , 8 
0 , 8 5 
0 . 9 
1 . 0 
1 .2 
1 . 6 
0 . 7 5 
l r 2 
1 . 4 
18 
20 
25 
3 0 
35 
53 
30 
48 
52 
M 
M 
M 
M 
M 
M 
M 
L 
G 
M 
L 
G 
M 
L 
G 
0 , 1 2 
.  
0 . 0 2 
0 . 1 5 4 
.  
0 . 0 3 
0 . 0 8 
0 . 0 4 
0 , 8 1 6 . 0 2 
1 3 . 8 1 8 . 7 4 
0 . 3 6 < 1 . 0 
0 . 6 7 1 . 2 8 
. 4 4 .
0 . 4 2 <1.0 
0 , 3 9 1 . 1 9 
1 0 . 1 9 <! 1 . 0 
71 
0 . 0 0 5 0 . 0 1 2 . 4 8 62 
0 . 0 1 
0 . 0 1 8 
0 . 0 1 4 
0 . 0 3 8 
0 . 0 5 1 
0 . 0 5 2 
N.D 
N.D 
0 . 0 3 
N.D 
N.D 
0 . 1 1 
N.D 
0 . 1 3 
N.D 
N.D 
N.D < 
6 .26<; 
0 . 4 3 
0 . 0 8 < 
9 . 2 1 < 
0 , 6 6 
1 , 6 1 
2 . 9 0 
3 . 8 0 
2 . 2 1 
1 . 0 8 
1 .0 
1 . 0 
3 . 1 3 
1 . 0 
1 . 0 
3 , 2 1 
62 
62 
62 
62 
62 
73 
73 
0 . 0 6 N.D < 1 . 0 
0 , 0 2 1 2 , 6 1 1 . 4 3 73 
0 , 0 1 4 0 . 4 3 . 1 0 
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TABLE VIII (Contd.) 
8 
45 Tuna skipjack 1.3 52- M 0.03 0,29 1,40 
(Katsuwonous 
pelamis 
46 -do- 1.4 
47 -do- 1.8 
-
56 
55 
67 
69 
L 
H 
M 
L 
M 
L 
H 
M 
L 
0,024 46,16 3.77 
0,02 0,03 <l,t 
0,22 
N.D 
0,07 
0,006 
N.D 
0.34 1.14 
50,00 2.87 
0,05 1.19 
67.70 <1.0 
0.84 <! 1.0 
* = Converted from pp.a dry weight 
a = Composite sample of the number of fishes given 
M = Muscle 
L = Liver 
H = Heart 
G = Gills 
0 = Ovaries 
T = Teste 
K = Kidney 
N.D= Not detectable. 
73 
74 
74 
48 -do- 2.2 0.035 0.30 < 1.0 74 
N.D 83.74 <! 1.0 
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TABLE IX 
Hg, Cd and Pb in different tissues of fishes from Goa (in ppm 
wet weight) 
S.No. 
1 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
Fish sampled 
(Species name) 
2 
Malabar anchovies 
Thrissocles 
malabarica 
Silver bellies 
Leioqnathus 
sj)l_endens 
-do -
Mackarel 
Rastrelliqer 
kanaqurta 
e n . 5a Sarame 
Sardinella lonqiceps 
o T 5a Sole 
Tissue 
analysed 
3 
whole 
whole 
whole 
muscle 
muscle 
muscle 
Sinoqlossus semiasciatus 
Scianids 
Otolithus ruber 
, 5a 
-do -
Pomfret 
Pampus arqenteus 
T -L-Sa Perch 
(unidentified) 
Seer fish 
Acanthocybium solandri 
Catfish 
Paphia malabarica 
muscle 
muscle 
muscle 
muscle 
muscle 
muscle 
Hg 
4 
0.007 
0.001 
0.008 
0.022 
0.007 
0.009 
N.D 
0,02 
0,009 
0.007 
0,086 
0,062 
Cd Pb 
5 6 
0.68 <1.0 
0.58 3.21 
2,11< 1.0 
1,62 <! 1.0 
0.62<J 1,0 
0.35<J 1.0 
0.86< 1.0 
1.36< 1.0 
0.73<j 1.0 
1.47<: 1.0 
0.59 1.21 
0.92 1.02 
Size of 
the fish 
in cm. 
7 
3,0 
3.5 
6.0 
11.0 
8,0 
6.0 
10.0 
16.0 
8.0 
8,0 
32,0 
18.0 
Contd, 
1 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
TABLE 
2 
. - - . - . — ~ -
Ttma 
Katsuwonus peJLami_s 
•1 1 0 a Black clam 
V i l l o r i t a c y p r i n o i d e s 
10a Musse l g r e e n 
P e r n a v i r i d i s 
r. 4- 1 0 a O y s t e r 
C r a s s p s t x e a cucul_lajta 
- 1 4 1 -
IX (Contd, 
3 
- - - -
m u s c l e 
v/hole 
s o f t 
p a r t s 
v7hole 
s o f t 
p a r t s 
whole 
s o f t 
p a r t s 
.) 
4" 
. . . 
0 . 1 1 
0 .065 
0 .092 
0 .02 
5 6 
' * — • ' - - -
0 . 7 8 < 1 . 0 
1.66 1.28 
1.38 1,31 
1.36 < 1.0 
17. 
18. 
19, 
20. 
21. 
22. 
23. 
24, 
25. 
26. 
27, 
Crabs 
Scylla serrat_a Dec 80 
6a 
6a 
Collected in Jan,81 
Collected in Feb.81 
Collected in Mar,81* 
6a 
5a Collected in April 81 
Collected in May 81^^ 
8a Collected in June 81 
Prawns 
Motapenaeus dobsoni 
10a 
muscle 
muscle 
muscle 
muscle 
muscle 
muscle 
muscle 
whole 
5a Metap_enaeus affini.s""" whole 
10a ^  , Mctapenaeus monoccrps whole 
P arapen_a_eopsi^ s wh o 1 e 
stylifera^a 
28. Pen.eus merquiensis 10a whole 
0.005 
0.006 
0.007 
0.009 
0,004 
0.007 
0.005 
H.D 
N.D 
0«17 
0.008 
0.014 
0.68 <1.0 
0.61<1.0 
0.80 1,27 
1.12 7.25 
0.81 7.88 
0.87 1.32 
1.00 <1.0 
1.4 <1.0 
1,04 <! 1.0 
2,56 <1.0 
0.10 <1.0 
1.75 <1,0 
16.0 
4-5 
6-7 
5-5.5 
N.D - Not detectable. 
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TA3LE X 
Range of concentrations of Hg, Cd anct Pb (ppm wet weight, 
values rounded off to second decimal place) and in Zoo~ 
plankton. Crustaceans, Bivalves and muscles of certain 
fishes from the northern Indian Ocean. 
Fish Fb Cd Hg 
Zooplankton 1.0 -12,6 0,02- 5.99 N.D 
Frawns (6 Spp) <J 1,0 0,2 - 2.5 11.D ^ 0,17 
Crabs 1.0 - 7,88 0.61- 1.12 0.004-^ 0.01 
Clams 1.28 1.66 0,06 
Oysters <!l.O 1.36 0,02 
Mussels 1.31 1.38 0.09 
Flying fish 1.08- 5.76 N.D - 0.65 N.D - 0,07 
Silver Bellies < 1.0 - 3,21 0.58- 2.11 0.001- 0,01 
Malabar anchovies < 1.0 0.7 0,01 
Sardines (2 Spp) < 1,0 N.D - 0.62 N.D - 0.01 
Mackerel (2 Spp.) < 1,0 0,22-1.62 0.01 - 0.02 
Jev/ fish (2 Spp) <; 1.0 - 1,14 0,19- 0,42 0.006- 0.01 
Perch (3 Spp) < 1,0 N.D - 1,47 0.007- 0,1 
Pilot fish < 1.0 - 2.95 N.D - 0.83 N.D - 0,02 
Sciaenid (2 Spp) < 1,0 0,86- 1,36 NoD - 0,02 
Sole <j 1,0 0.35 0.01 
Pomfret < 1.0 0.73 0,01 
Cat fish 1.02 0,92 0.06 
Trevally (2 Spp) < 1,0 N.D - 0.62 0,010- 0.08 
Grunter 2.7 N.D 0,24 
Talong <; 1,0 N.D 0.36 
Tuna (4 Spp) << 1,0 - 3,3 N.D - 2.00 0,004- 0.22 
Dolphin fish < 1.0 - 2,95 N.D - 0.95 0.01 - 0.14 
Seer fish <; 1.0 - 1,5 0,25- 0.66 0.09 - 0.11 
Barracuda <;1.0 N^D-0,28 0.06-0.2 
Sea pike 1.46 N.D 0,11 
Sharks (4 Spp) < l.O - 6,02 N.D - 0,81 0.02 - 0.21 
N.D. - Not detectable. 
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TABLE XI 
Range and average concentrations of a few non-essential heavy 
metals (ppm wet weight) in different parts 
of fishes from the Northern Indian Ocean 
I Mercury 
Body p a r LSI ^^^'^ 
Muscle 
L i v e r 
G i l l 
H e a r t 
Kidney 
Gonads 
T 
i N . D - 0 . 3 6 
JN .D-0O04 
I N . D - 0 . 0 3 1 
[ N . D - 0 , 0 8 
J N . D - 0 . 0 4 
( 
, ' N . D - 0 , 0 3 
i 
1 
1 
. .,J , 
Ave rage 
• 
0 . 0 7 
0 . 0 1 
0 .016 
0 . 0 2 6 
0 .015 
0 .015 
Cadmium . J^.ead 
Range Average j Range Average 
N.D - 2 . 0 0 
1.2 - 8 7 . 3 
:T.D - 0 . 7 6 
N.D - 1 .91 
0 . 3 8 - 3 6 . 6 9 
N.D - 8 ,06 
0 . 5 9 
2 0 . 1 8 
0 .42 
0 . 5 4 
9 .02 
1.25 
< 1 . 0 - 3 , 8 0 
< :1 .0 -17 .62 
< : i . 0 - 7 . 0 
< j l . 0 - 3 . 4 
< 5 l . 0 - 6 9 . 4 6 
<J1,0- 4 , 7 6 
1.11 
3 . 8 
3 . 1 4 
1.36 
8 . 6 1 
1.36 
N.D - Not detectable 
Some abnormally high values have been omitted from 
the muscles. 
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S U M M A R Y 
The present inves t igat ion was undertaken as a 
p a r t of the ongoing pro jec t on Marine Pollution, monitoring 
a t the National I n s t i t u t e of Oceanography, Goa, The p ro jec t 
envisages monitoring of po ten t i a l contaminants in the marine 
environment and to assess the heal th of the seas around the 
Indian peninsula. 
Studies were conducted on the levels of Hg, Cd and 
Pb, three most toxic and non-essent ia l metal, in the various 
cons t i tuents of the marine environment. Important amongst 
them were the concentrations of these three non-essent ia l 
elements in marine organisms and t h e i r relevance to food 
hygiene. At present there i s hardly any r e l i a b l e repor t on 
the concentrations of these three elements from the seas 
around India , For the study of these three contaminants in 
the marine environment, three components i , e , surface sea 
water, surface sediments and marine organisms, belonging to 
d i f fe ren t t rophic levels were sampled and analysed to give 
an overal l p ic tu re of the contamination of the Indian seas 
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by Hg^ Cd and Pb, if any. These observations were combined 
with experimental v/ork on a fish, mussel and clan on the 
rate of uptake and depuration of Hg, Cd and Fb in various 
tissues and also to study the localisation of these elements 
of the active sites of accumulation in these organisms in an 
attempt to relate them with environmental data obtained by 
analysing tissues of various organisms collected from natural 
habitats. 
The results have highlighted certain interesting 
features on the availability and presence of these three 
elements in the various constituents of the seas around India. 
Hg was found to be quite low in the surface sea water from the 
Arabian Sea and the Bay of Bengal, v/hile reasonably high values 
were observed for both Cd and Pb, suggesting the possibility 
of their discharges through weathering, industrial and other 
anthropognic sources. It is however, interesting to note 
that Hg, one of the most toxic elements, is found in low 
concentrations. This aspect is also confirmed by the levels 
of these three elements observed in sediments, zooplankton 
and other organisms. 
In the sediments, Hg is found to be present in very 
low concentrations everywhere along the coast from where the 
samples were collected. This indicate its natural levels in 
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the marine sediments, Cd, too is found low^ however, at 
some places quite high concentrations wore observed. The 
distribution of these locations is too scattered to draw 
any definite conclusion, Pb shows elevated concentrations in 
quite a few samples which v/ere collected from locations near 
the coast. Similar high levels were observed in the particulate 
matter present in the coastal areas. This suggests the transport 
of these metals adsorbed onto particles to the deeper areas 
of the seas with subsequent accuiuulation in the surface 
sediments, 
Zooplankton samples give further confirmation of 
this, VThile Hg is non-detectable in all the samples analysed, 
Cd and Pb are observed in higher amounts and follow the pattern 
Hg ^ C Cd ^Pb, This is in agreement with the environmental 
characteristics of zooplankton because of their large surface 
to volume ratio similar to the particulate matter. The zoo-
plankton samples from the Arabian sea had lower values for Cd 
and Pb than their counterparts from the Bay of Bengal, The 
difference could be due to the fact that a large number of 
rivers bring enormous amounts of waste to the Bay of Bengal 
as compared to the Arabian sea. Difference in concentrations 
of Cd to some extent and Pb in particular in coastal zooplankton 
and zooplankton from open ocean areas is also observed, Pb 
-147-
concentrations ar(§ generally high in offshore zooplankton 
samples suggesting the possible faster removal of Pb from 
coastal surface waters because of adsorption on the suspended 
particles and organic matrix which are present in large amounts 
in coastal areas than the open oceans (This is not supported 
by the data on dissolved Pb in surface waters) , Another 
possible reason may be the transport of Pb through aerosols to 
areas far away from the coast and its subsequent entry to the 
open ocean surface v/ater through precipitation. 
These high concentrations could be of great 
significance because of the trophic level of zooplankton. 
In the light of this an attempt was made to see any evidence 
of food chain magnification. Marine food webs are very 
complicated and there is much disagreement among marine 
biologists on prey-predator relationship as marine organisms 
havemuch flexibility in their food preferences, Furtherm.orc/ 
some organisms will have equilibration times v;ith the water 
that are significantly different from others as a result of 
metabolic activity, blood supply and surface to volume ratio. 
Assuming that energy is transferred from plants to herbivores 
on to carnivores etc,/ the contaminants will also be transferred 
along the same path way. There are reports of a food chain 
magnification of certain pollutants in estuarine environment. 
However, there is no evidence of any food chain magnification 
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as regards Hg, Cd and Fb from the Indian vraters. If there 
is any/ it is confined to v;?tcr-zooplankton interface vrherc 
several orders of magnitude increase is observed and is 
subsequently evidenced in smaller fishes feeding on zoo-
plankton in the case of Cd and t-b. However, Hg increases 
with the size of the fish. 
Discussing each metal individually, in other marine 
organisms such as fishes, Hg is generally found less in 
smaller organisms than in the larger fishes, which is more 
due to the accumulation over time through water as well as 
food, though no evidence of food chain magnification can be 
observed. However, within each species of fish Hg concen-
trations tend to increase with size e.g. in flying fish, 
dolphin fish and all other fishes combined. In general 
low concentrations of Hg were observed in all the tissues 
analysed. It followed the pattern of Hg as Muscle )> Heart"^ 
Gills y> Kidney ^  Gonads ^ Liver, This is experimentally 
observed in this study too, that higher amounts are incor-
porated in muscles and gills and least in liver. In general, 
however, low concentrations of Hg were observed in all the 
tissues analysed. The concentrations of Hg in muscles are 
much belov/ the maximum recoinmonded levels of 0,5 ppm in 
fisheries products by the W, H, O. Thus there seems to be no 
"pollution" risk as far as Hg is concerned in the seas around 
-149" 
India, It must however/ bo mentioned that in a few inland 
and nearshore areas, like the Thana Creek in Bombay, the 
situation is quite different because of the enclosed 
nature of the water body and the surrounding industries 
as evidenced by reports published from that area. 
The situation is little different as far as Cd 
is concerned. The interesting observation is that Cd con-
centrations are higher in the muscles of smaller fishes than 
in large predatory fishes which is attributed to their 
feeding habits (Zooplankton grazers), In flying fishes Cd 
is found to decrease with the size of the fish while in 
dolphin fish Cd increases vJith the size. In general, 
however, Cd shows a negative correlation with the size of 
the fish and the concentra-^ions in muscles, though it is 
statistically not very signi riccint. On the other hand, the 
principle site of Cd accumulation is liver followed by 
kidney and other tissues with the least being in muscles. 
This too has been obseirved experimentally in this study where 
liver of Tilapia showed maximum accumulation and retentior 
of Cd over extended period bf time which is attributed to its 
association with metallothionein, A positive correlation is 
observed between the Cd concentrations in liver and the size 
of the fish. On a comparative basis higher Cd levels are 
W 5 0 -
observed in the muscles of various fishes than Hg but they 
are well below the maximum level of 2 - 10 ppm of Cd for 
fishery products as established by various countries (F.A.O), 
Pb com: entrations in the organisms are generally 
higher. The principal site of Fb accumulation is kidney 
followed by liver and gills v/ith the least amounts in muscle. 
In the experimental studies presented here, highest accumu-
lation is observed in gills though the maximum retention is in 
liver and substantiates the results observed in natural 
habitats. Though/ it could not be proved statistically, 
Pb is also found in high concentrations in smaller fishes as 
compared to large predatory fishes. However, sharks and 
dolphin fishes have shown hi'^ h amounts of Pb in the muscles 
which seems to be a physiological peculiarity in these fishes. 
On an average Pb concentrations arc quite low in the edible 
portions of the fishes to be of any significance from the 
food hygiene front as the recommended Pb levels in food 
products also varies from 2-10 ppm in various countries. 
No food chain magnification is observed for any 
metal and also the levels of these metals are well below the 
prescribed maximum limits for human consumption. Some other 
organisms analysed e,g, prawns, crabs, bivalves etc, also 
show low levels of these three elements, however, crab meat 
does shov; high levels of Pb in certain months from Goa region. 
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There is no indication of these semi-sedentary estuarine and 
coastal organisms showing signs of local pollution. They 
are however, known to be ideal pollution indicators as is 
implicitly recognised by various published reports and 
proved experimentally in this study too. It is shown that in 
soft parts of the mussels Hg, Cd and Pb are accumulated at 
elevated levels during exposure v/hich subsequently gets 
purged over extended period of depuration, hence, making 
them ideal indicator organisms to depict the environmental 
characteristics of the particular area. 
Fishes, too, though mobile species are good 
indicator organisms because, of the migrating nature which 
gives an integrated picture of a larger area in terms of 
environmental quality. Life span of several years which too 
serves to integrate temporary variations in the occurrence 
of cumulative substances in the environment and lastly their 
wide distribution that permits comparative studies over 
extensive geographical areas. 
Though the levels observed in the various tissues 
of fishes and in other organisms are much below the prescribed 
limits, in the presence of intense local pollution e.g. in 
and aro\and Bombay and certain estuarine regions the con-
r 
centrations may well reach or attain the limiting levels as is 
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shown by a series of experiments that when organisms are 
exposed to high levels of metals over a short period of time i.e. 
12 daySf the metals arc accumulated in the body tissue and 
arc not flushed out completely even when the concentrations 
in the medium become normal for extended period of time. 
The edible portion of the fishes shov; levels of 
Hg, Cd and Pb much below the permitted levels, Cd and Fb 
are quite high in liver and other tissues, which though arc 
not consumed/ could be exploited by various industries like 
the Cod and Shark Liver oil thus becoming indirectly available 
to man. We, in India, are further handicapped by the eating 
habits of our population where no reliable figure on the 
daily intake of fish mean couud be available. Henco/ no 
prescribed limits of these metals could be fixed. Barring 
the coastal population which more or less subsists on marine 
food/ the daily intake of marine fishery product is limited, 
and it is here that any effect may take place. 
In totality however, the state of the Indian seas 
is quite good and does not give an indication of any con-
tamination by Hg, and though the levels of Cd and Pb are higher 
they do not pose a serious threat to the environment at present. 
Their concentrations are hovvrevcry high and considering the future 
industrialisations and other man-made changes that may release 
additional amounts of metals there is a need for continuous 
monitoring programme of different components of the marine 
environment around India, 
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